C_4 

o 



o 



to 



o 



O £ - o<f— °° 



THE COMMISSIONER OF PATENTS AND TRADEMARKS 

Washington D.C. 20231 

Box Patent Applications 



SIR: 

Transmitted herewith for filing is: 



[X] a new application 

[ ] a c-i-p application of S.N. 



A 



Case Docket No. FUJM 17.406 
Filed by Express Mail 
(Receipt No. EL522391854US) 

on June 7, 2000 

pursuant to 37 CFR 1.10 

bv Lvdia Gonzalez 



filed 



o 
to 



oc><y\ 



Inventor(s): Masao ASAI 

For; 



CACHE SYSTEM WHICH PERFORMS CACHE FLASH UPON EMERGENCY 

AND DUAL SYSTEM 



Enclosed are: 



63 sheets of drawings.(Figs. 1-63) 

Specification, including claims and abstract ( 114 p ages) 

Declaration 

An assignment of the Invention t o FUJITSU LIMITED 
A certified copy of Japanese A pplication No(s). 11-270363 

[X] An associate power of attorney 

[ ] A verified statement to establish small entity status under 37 CFR 1 .9 and 37 CFR 1 .27 
[X] Postcard 

[X] Recording fee (as indicated below) 

[X] Information Disclosure Statement, PTO-1449, copies of 2 references 

[ ] Other 

[ ] Other 



[X] 
[X] 

[X] 

[X] 

pq 





Col. 1 


Col. 2 


FOR: 


NO. FILED 


NO. EXTRA 


BASIC FEE 






TOTAL CLAIMS 


25-20 = 


5 


INDEP CLAIMS 


6-3 = 


3 


[ ] MULTIPLE DEPENDENT CLAIMS PRESENTED 



* If the difference in Col. 1 is less than 
zero, enter "0" in Col. 2 



SMALL ENTITY 


RATE 


FEE 




$345 


x 9 - 


$ 


X39 = 


$ 


x 130 = 


$ 


TOTAL 


$ 



OTHER THAN A 
SMALL ENTITY 


RATE 


FEE 




$690 


x 18 = 


$ 90 


x78 = 


$234 


x260 = 


$ 


TOTAL 


$1014 



to cover the filing fee 



[ ] Please charge our Deposit Account No. 08-1634 the amount of 

and recording fee (if any) 

[X] A check in the amount of $ 1054.00 to cover the filing fee and the recording fee (if any) is enclosed. 

[X] The Commissioner is hereby authorized to charge payment of any fee associated with this communication or 
credit overpayment to Deposit Account No. 08-1634. A duplicate coy of this sheet is enclosed. 



Helfgott & Karas, P.C. 

60* Floor 
Empire State Building 
New York, New York 101 18-6098 
(212)643-5000 

Date: 6/7/00 

Any fee due with this paper, not fully 
covered by an enclosed check, may be 
charged on Deposit Acct No. 08-1634 




[ ] Aaron BJKferas^eg. No. 18,923 
[X] Samson Helfgott, Reg. No. 23,072 
[ ] Leonard/Cooper, Reg. No. 27, 625 
[ ] Linda S. Chan, Reg. No. 42,400 

[ ] Jacqueline M. Steady, Reg. No. 44,354 

[ ] Harris A. Wolin , Reg. No. 39,432 



F#ed by Express Mai! ^ 
(Receipt M^ £fcaa5?yf^CjP 

on £>/^) [Ot^ 

pifc^nl to 37 ORR 1.10* 

^<&& „^ 




CACHE SYSTEM WHICH PERFORMS CACHE FLASH 
UPON EMERGENCY AND DUAL SYSTEM 



BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to cache flash upon 
emergency of a cache system which has a cache memory and 
a dual system having a redundancy structure including a 

O-subsystem and a 1-subsystem. 
Description of the Rela ted Art 

A communications system or a like system has a dual 
structure including a O-subsystem and a 1-subsystem in 
order to secure the reliability of services. Each of the 
0- and 1-subsystems includes a microprocessor (MPU) , a 
cache memory control section, a cache memory, a main 
memory, a system control section, and an interface (INF) 
section. The MPU and the cache memory control section are 
interconnected by an MPU bus. The cache memory control 
section, main memory, system control section and INF 
section are interconnected by an extension MPU bus. The 
main memories of the 0- and 1-subsystems are 
interconnected by a memory confounding line. The system 
control sections of the 0- and 1-subsystems are 
interconnected by a system confounding line. A cache 
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memory is popularly used as a technique for augmentation 
of the processing performance and is used to send 
necessary data rapidly to an MPU. Generally, the 
difference between the working speed of an MPU and the 
working speed of a main memory is considerably great, and 
ill the case of MPU working speed » main memory working 
speed, in order to absorb the great working speed 
difference to allow high speed operation, a storage 
device of a small capacity called cache memory is 
interposed between the main memory and the MPU so that 
data requested by the MPU may be sent back at a high 
speed from the cache memory. 

When the MPU tries to read data at the A address 
from the main memory, it issues a read command to the MPU 
bus. The cache memory control section receives the read 
command and checks whether or not contents of the A 
address are registered in the cache memory. If the 

contents are registered (cache hit), then the cache 

memory control section reads the data at the A address 
from the cache memory and sends the data back to the MPU. 
If the contents of the A address are not registered 
(cache mishit), then the cache memory control section 
issues a data read command for reading an amount of data 
including data at the A address from the main memory to 
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the extension MPU bus. The main memory receives the data 
read command and sends back the data of the pertaining 
area of the memory. The cache memory control section 
receives all of the data sent back thereto and returns 
only the data at the A address from within the received 
data to the MPU and besides writes all of the received 
data into the cache memory. It is assumed that the mpu 
issues a write command to write the data into the B 
address. The cache memory control section receives the 
write command and checks whether or not contents at the B 
address are registered in the cache memory. If the 
contents are registered , then the cache memory control 
section rewrites the pertaining data with the data from 
the cache memory without issuing a read command to the 
main memory. 

in this manner, processing contents are different 
depending upon whether data requested by the MPU is 
registered (upon cache hit) or not registered (upon cache 
mishit) , and augmentation in processing performance is 
achieved by the difference in processing contents. 
Further, although depending upon the controlling method 
for the cache memory, from the point of view of high 
speed execution, as a method of updating of data 
registered once in the cache memory into the main memory, 
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a flashback method wherein the MPU issues a flashback 
command to perform the updating, a store- in method 
wherein data is written only into the flash memory and, 
when the block becomes an object of replacement, the data 
is written into the main memory and some other methods 
are available. In a dual system, services are provided 
usually such that one subsystem is in a processing state 
(ACT state) while the other system is in a standby state 
(SBY state), if a serious trouble or the like occurs 
while services are provided in this state, then an 
ACT/SBY changing operation is performed to place the old 

act subsystem into a stopping or SBY state and place the 

old SBY system into an ACT state in order to continue the 
operation without stopping the services. 

It is assumed that usually the system is operating 
while the O-subsystem acts as the ACT system and the 1- 
subsystem acts as the SBY system. The MPU of the 0- 
subsystem reads out a processing program from the main 
memory , and control of individual functioning blocks and 
writing processing of a result of operation into the main 
memory are performed in accordance with the contents of 
the processing program. The contents of data written in 
the main memory of the ACT system are normally reflected 
on the main memory of the SBY system over the memory 
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confounding line so that contents of the main memories 
are normally held commonly between the ACT system and the 
SBY system. However, when the MPU writes data on data 
registered in the cache memory, writing of the data back 
into the main memory is not performed unless flash back 
processing is performed. Accordingly, when such data 
exists, the data of the ACT system and the SBY system do 
not coincide with each other. Therefore, in such a dual 
system as described above, when a serious trouble occurs 
and consequently it is tried to perform an ACT /SBY 
changing operation, the following processing is executed. 

(1) When timeout of a watch dog timer (WDT) of the 
system control section occurs, an ACT/SBY changing 
trigger is detected. 

(2) The system control section notifies the MPU of 
interruption over an interrupt notification line. 

(3) The MPU starts an emergency control operation 
program. 

(4) Flashback processing of the cache memory and 
collection of logs of other trouble information are 
performed based on the emergency control operation 
program. 

(5) ACT/SBY changing processing is performed so 
that, for example, the 1 -subsystem becomes the ACT system 
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and continues services . 

As data of the cache memory is flashed back in this 
manner , contents of the flash memory are written into the 
main memory , and the data is transferred to the 1- 
subsystem over the memory confounding line. Consequently, 
the contents of the main memory of the 1-subsystem become 

common to the contents of the main memory of the 0- 

subsystem, which allows continuing of services. 

However, the ACT/SBY changing operation cannot 
sometimes be performed normally. This is, for example, a 
case wherein a troubled functioning block from among 
blocks connected to the MPU bus or the extension MPU bus 
locks the bus and keeps the bus locked. Here, to lock the 
bus signifies a condition that the bus has been placed 
into and remains in a used state and is not released 
indefinitely. Where the MPU bus is locked, the emergency 
control operation program cannot transmit a command for 
instruction of flashback to the cache memory control 
section. On the other hand, where the extension MPU bus 
is locked, the cache memory control section cannot 
perform flashback into the main memory. In such instances, 
processing of the emergency control operation program 
cannot be performed, and flashback processing of the 
cache memory is disabled and services cannot be continued 



any more. As a trend in recent years, a system including 
a cache memory having an increased capacity is 
constructed as a result of further augmentation of the 

request processing capacity, increase of the performance 
of memory devices, reduction in cost of high speed 
devices and so forth. Consequently, the fact that 
contents of a cache memory cannot be taken over upon 
ACT/SBY changing operation or the like has an influence 
upon continuity of services as much, 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present 

invention to provide a cache system wherein contents of a 
cache memory are written back into a main memory with 
certainty upon emergency. 

It is another object of the present invention to 
provide a dual system which prevents, upon ACT/SBY 
changing, interruption of services arising from missing 
of stored contents of a cache memory caused by a trouble. 

In accordance with an aspect of the present 
invention, there is provided a cache system, comprising a 
first bus, a second bus, a main memory having a memory 
section for storing data, the main memory being operable 
to write data inputted from the first bus into the memory 
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section and output data read from the memory section to 
the first bus, a cache memory, instruction means for 
outputting to the second bus a command for instruction to 
write back data of the cache memory into the main memory, 
and a cache memory control section including a directory 
section for storing information regarding an address of 
the main memory of data stored in the cache memory and a 
reset terminal to which a first reset signal is inputted 
such that, when the first reset signal is asserted, at 
least an element of the cache memory control section 
which takes part in control of the first bus except the 
directory section is reset, the cache memory control 
section performing reading and writing of data between 
the main memory and the cache memory over the first bus, 
the cache memory control section performing write back 
processing of the data of the cache memory into the main 
memory in accordance with the command inputted over the 
second bus . 

In accordance with another aspect of the present 
invention, there is provided a cache system, comprising a 
first bus, a second bus, a third bus, a main memory 
having a memory section for storing data, the main memory 
being operable to write data inputted from the first bus 
into the memory section and output data read from the 
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memory section to the first bus, a cache memory, 
instruction means for outputting to the second bus a 

command for instruction to write back data of the cache 
memory into the main memory, a cache memory control 
section for performing reading and writing of data 
between the main memory and the cache memory over the 
first bus and performing write back processing of the 
data of the cache memory into the main memory in 
accordance with the command inputted over the second bus, 
an interface section for interfacing between the first 
bus and the third bus, and an isolate section interposed 
between an output side of the interface section and the 
first bus for isolating the output side of the interface 
section and the first bus from each other when a control 
signal inputted to a control terminal becomes valid. 

In accordance with a further aspect of the present 
invention, there is provided a cache system, comprising a 
first bus, a second bus, a signal line different from the 
first bus, a main memory having a memory section for 
storing data, the main memory being operable to write 
data inputted from the first bus into the memory section, 
output data read from the memory section to the first bus, 

and receive data and an address from the signal line and 
write the data and the address into the memory section, a 
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cache memory, instruction means for outputting to the 
second bus a command for instruction to write back data 

of the cache memory into the main memory, and a cache 

memory control section for performing reading and writing 
of data between the main memory and the cache memory over 
the first bus and outputting data and an address of the 

cache memory to the signal line in accordance with the 

command inputted over the second bus thereby to perform 
write back processing into the main memory. 

The above and other objects, features and 
advantages of the present invention and the manner of 
realizing them will become more apparent, and the 
invention itself will best be understood, from a study of 
the following description and appended claims with 
reference to the attached drawings showing some preferred 

embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatic view of a principle of the 
present invention ; 

FIG. 2 is a block diagram of a dual system 
according to a first embodiment of the present invention; 

FIG. 3 is a block diagram of a cache memory control 
section shown in FIG, 2; 
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FIG. 4 is a block diagram of a main memory shown in 

FIG. 2; 

FIG. 5 is a block diagram of a system control 
section shown in FIG. 2; 

FIG. 6 is a flow chart illustrating operation of 
the system control section shown in FIG. 2; 

FIG. 7 is a flow chart illustrating operation of a 
MPU section shown in FIG. 2; 

FIG. 8 is a flow chart illustrating operation of 
the cache memory control section shown in FIG. 2; 

FIG. 9 is a flow chart illustrating operation of 
the main memory shown in FIG. 2; 

FIG. 10 is a flow chart illustrating operation of 
the MPU section shown in FIG. 2; 

FIG. 11 is a block diagram of a dual system 
according to a second embodiment of the present 
invention; 

FIG. 12 is a block diagram of a main memory shown 
in FIG. 11; 

FIG. 13 is a flow chart illustrating operation of 
the main memory shown in FIG. 11; 

FIG. 14 is a block diagram of a dual system 
according to a third embodiment of the present invention; 

FIG. 15 is a block diagram of a main memory shown 
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in FIG. 14; 

FIG. 16 is a flow chart illustrating operation of 
the main memory shown in FIG. 14; 

FIG. 17 is a block diagram of a dual system 
according to a fourth embodiment of the present 
invention; 

FIG, 18 is a block diagram of a main memory shown 
in FIG. 17; 

FIG. 19 is a flow chart illustrating operation of 
the main memory shown in FIG. 17; 

FIG. 20 is a block diagram of a dual system 
according to a fifth embodiment of the present invention; 

FIG. 21 is a block diagram of a cache memory 
control section shown in FIG. 20; 

FIG. 22 is a block diagram of a main memory shown 

in FIG, 20; 

FIG. 23 is a block diagram of a system control 
section shown in FIG. 20; 

FIG. 24 is a flow chart illustrating operation of 
the system control section shown in FIG. 20; 

FIG. 25 is a flow chart illustrating operation of 
the cache memory control section shown in FIG. 20; 

FIG. 26 is a flow chart illustrating operation of 
the main memory shown in FIG. 20; 
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FIG - 2 7 is a block diagram of a dual system 
according to a sixth embodiment of the present invention; 

FIG. 28 is a block diagram of a main memory shown 
in FIG, 27; 

FIG. 2 9 is a flow chart illustrating operation of 
the main memory shown in FIG. 27; 

FIG. 30 is a block diagram of a dual system 
according to a seventh embodiment of the present 
invention; 

FIG . 31 is a block diagram of a main memory shown 
in FIG. 30; 

FIG. 32 is a block diagram of a dual system 
according to an eighth embodiment of the present 
invention; 

FIG. 33 is a block diagram of a main memory shown 
in FIG, 32; 

FIG. 34 is a block diagram of a dual system 
according to a ninth embodiment of the present invention; 

FIG. 3 5 is a block diagram of a system control 
section shown in FIG. 34; 

FIG. 3 6 is a block diagram of an isolate section 
shown in FIG. 34; 

FIG. 37 is a flow chart illustrating operation o£ 
the system control section shown in FIG. 34; 
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FIG. 3 8 is a block diagram of a dual system 
according to a tenth embodiment of the present invention; 

FIG. 3 9 is a block diagram of a dual system 
according to an eleventh embodiment of the present 
invention; 

FIG. 40 is a block diagram of a dual system 
according to a twelfth embodiment of the present 
invention; 

FIG. 41 is a block diagram of a dual system 
according to a thirteenth embodiment of the present 
invention; 

FIG. 42 is a block diagram of a dual system 

according to a fourteenth embodiment of the present 
invention; 

FIG. 43 is a block diagram of a dual system 
according to a fifteenth embodiment of the present 

invention; 

FIG. 44 is a block diagram of a dual system 
according to a sixteenth embodiment of the present 
invention; 

FIG. 45 is a block diagram of a dual system 
according to a seventeenth embodiment of the present 
invention; 

FIG. 46 is a block diagram of a cache memory 
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control section shown in FIG. 45; 

FIG. 47 is a block diagram of a main memory shown 
in FIG. 45; 

FIG. 4 8 is a block diagram of a dual system 
according to an eighteenth embodiment of the present 
invention; 

FIG. 49 is a block diagram of a main memory shown 
in FIG. 48; 

FIG. 50 is a block diagram of a dual system 
according to a nineteenth embodiment of the present 
invention; 

FIG. 51 is a block diagram of a main memory shown 
in FIG. 50; 

FIG. 52 is a block diagram of a dual system 
according to a twentieth embodiment of the present 

invention; 

FIG. 53 is a block diagram of a main memory shown 
in FIG. 52; 

FIG. 54 is a block diagram of a dual system 
according to a twenty-first embodiment of the present 
invention; 

FIG. 55 is a block diagram of a main memory shown 
in FIG. 54; 

FIG. 56 is a block diagram of a dual system 
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according to a twenty-second embodiment of the present 

invention; 

FIG. 57 is a block diagram of a main memory shown 
in FIG. 56; 

FIG. 58 is a block diagram of a dual system 
according to a twenty-third embodiment of the present 
invention; 

FIG. 59 is a block diagram of a dual system 
according to a twenty-fourth embodiment of the present 
invention; 

FIG. 60 is a block diagram of a dual system 
according to a twenty-fifth embodiment of the present 
invention; 

FIG. 61 is a block diagram of a main memory shown 
in FIG. 60; 

FIG. 62 is a block diagram of a dual system 
according to a twenty-sixth embodiment of the present 
invention ; and 

FIG. 63 is a block diagram of a main memory shown 
in FIG. 62. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Before embodiments of the present invention are 
described, a principle of the present invention is 
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described. FIG. 1 is a block diagram of the principle of 
the present invention. Referring to FIG. 1, a dual system 
includes a O-subsystem 1#0 and a 1-subsystem 1#1 having 
the same construction, a memory confounding line 2, and a 
system confounding line 4. The i-subsystem l#i (i = 0, 1) 
includes a first bus 6#i, a second bus 7#i, a main memory 
10#i, a cache memory 12 #i, a cache memory control section 
16#i and a system control section 18#i. The main memory 
10#i has a memory section ll#i for storing data and is 
operable to write data inputted from the first bus 6#i 
into the memory section ll#i and output data read from 
the memory section ll#i to the first bus 6#i. Further, 
the main memory 10#i receives data of the other ACT 
system from the memory confounding line 2 and writes the 
data into the memory section ll#i. An emergency control 
program is started in a processor 8#i in response to an 
interrupt notification, and the processor 8#i outputs a 
first command for instruction to write back data of the 
cache memory 12 #i into the main memory 10#i to the second 
bus 7#i. 

The cache memory control section 16#i includes a 
directory section 14#i for storing information regarding 
an address of the main memory 10#i of data stored in the 
cache memory 12 #i, and a first reset terminal 15#1 to 
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which a first reset signal is inputted such that, when 
the first reset signal is asserted, at least elements of 
the cache memory control section 16#i which take part in 
control of the first bus 6#i except the directory section 

14#i are set. The cache memory control section 16#i 
performs reading and writing of data between the main 
memory 10#i and the cache memory 12#i over the first bus 
6#i. Further, the cache memory control section 16#i 
performs write back processing of the data of the cache 
memory 12 #i into the main memory 10 #i in accordance with 
the first command inputted over the second bus 7#i. The 
system control section 18#i supervises the processor 8#i 
and, upon system changing over from the act system to the 
standby system, asserts the first reset signal and 
notifies the processor 8#i of interruption. 

In the following, operation of the dual system of 
FIG. 1 is described. Upon operation, one of the 0- 
subsystem 1#0 and the 1-subsystem 1#1 serves as the ACT 
system while the other serves as the SBY system. Here, it 
is assumed that the 0-subsystem 1#0 serves as the ACT 
system and the 1-subsystem 1#1 serves as the SBY system. 
Further, it is assumed that a trouble occurs with the 
processor 8#0 of the 0-subsystem 1#0. The system control 
section 18#0 first asserts the first reset signal and 
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then delivers an interrupt notification to the processor 

9#0. The first reset signal is inputted to the first 
reset terminal 15#0 of the cache memory control section 
16#0, and those elements of the cache memory control 
section 16#0 which take part in control of the first bus 
6#0 except the directory section 14#0 are reset. 
Consequently, even if the cache memory control section 
16#0 locks the first bus 6#0 because of a trouble, since 
the elements of the cache memory control section 16#0 
which take part in control of the first bus 6#0 are reset 
the locking of the first bus 6#0 is cancelled. 

The processor 8#0 starts the emergency control 
program in response to the interrupt notification and 
outputs a first command for instruction to write back 
data from the cache memory 12#0 to the main memory 10#0 
to the second bus 7#0. The cache memory control section 
16#0 reads data to be written back from the cache memory 
1 2 #0 and outputs the data and an address to the first bus 
6#0. The main memory 10#0 receives the data and the 
address from the first bus 6#0 and writes the data into 
the memory section 11#0. Consequently, even if the main 
memory 10#0 locks the first bus 6#0 or the like, the 
locking is cancelled and write back processing is enabled 
First Embodiment 
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FIG* 2 is a block diagram showing a construction of 
a dual system according to a first embodiment of the 
present invention. Referring to FIG. 2, the dual system 
includes a O-subsystem 20#0 and a 1-subsystem 20#1. Upon 
operation, one of the O-subsystem 2 0#0 and the 1- 
subsystem 20#1 serves as the ACT system while the other 
serves as the SBY system, and they have the same 
construction. Each i-subsystem (i = 0, 1) includes an MPU 
section 22#i, a cache memory control section 24#i, a 
cache memory 2 6#i, a main memory 28#i, a system control 

section 30#i, an INF section 32#i, an MPU bus 34#i, an 
extension MPU bus 36#i, a cache memory bus 38#i, a 
flashback state notification line 40#i, an interrupt 
notification line 42#i, general reset lines 44#i, 47#i 
and 48#i, a partial reset line 46#i and an other 
functioning section connection bus 49#i. 

The MPU section 22#i has the following functions. 

(1) The MPU section 22#i outputs a command for 
reading a command or data from the main memory 28#i or 
writing data into the main memory 28#i to the MPU bus 
34#i, and fetches a command or data outputted to the MPU 
bus 34#i and executes a program. 

(2) The MPU section 22#i outputs to the MPU bus 

34 #i a command for instruction to write a reset signal 
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for periodically resetting a watch dog timer 94#i into a 
pertaining control register 96#i in the system control 
section 30#i shown in FIG. 5. It is to be noted that the 
watch dog timer 94#i cannot be reset periodically if some 
trouble occurs with a program or the like executed by the 
MPU section 22#i or in a like case. In such an instance, 
the watch dog timer 94#i overflows (timeout), and the 

emergency control program is executed to effect changing 
over between the ACT system and the SBY system. 

(3) If the interrupt notification line 42#i is 
asserted, then interruption occurs with the MPU section 
22 #i, and the MPU section 22 #i executes the emergency 
control program registered as an interrupt vector address 
therein. The emergency control program is a program which 
started by interruption upon changing over from the ACT 
system to the SBY system. 

In the current ACT system, the MPU section 22#i 
outputs a command for instruction to perform flashback 
from the cache memory 26#i to the main memory 28#i, to 
the MPU bus 34 #i and outputs a command to collect trouble 
information and write the trouble information into the 
main memory 2 8#i directly without intervention of the 
cache memory 26#i to the MPU bus 34#i. In the old SBY 
system, changing over from the SBY system to the ACT 
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system is performed under the control of the system 
control section 30#i, and the MPU section 22#i reads from 
a predetermined address area of the main memory 28#i 
information which represents whether or not flashback has 
been completed with the old ACT system. If the flashback 
has been completed, then the MPU section 22 #i executes 
operation based on the command or data written in the 
main memory 28#i to continue services. If the flashback 
has not been completed, then the MPU section 22 #i 
performs IPL (Initial Program Loading) into the main 
memory 28#i and stops services once, and then resumes 
services. The reason why it is discriminated whether or 
not flashback has been completed with the old ACT system 
in this manner is such as follows. In particular, if the 
information does not indicate that the flashback has not 
been completed, then it is considered that some failure 
has obstructed such flashback of the ACT system. 
Therefore, it is considered that it is rather good to 
stop services once and then resume services after 
initialization is performed than to continue services 
based on stored contents of the main memory 28#i. 

FIG. 3 is a block diagram of the cache memory 
control section 24#i shown in FIG. 2. Referring to FIG. 3, 
the cache memory control section 24 #i includes an MPU bus 

22 



interface control section 60#i, a command conversion 
section 62#i, an extension MPU bus interface control 
section 64#i, a cache memory entry control section 68#i, 
a tag section 70#i, a cache memory bus interface control 
section 72#i and a reset signal inputting section 74#i. 
The MPU bus interface control section 60#i outputs, when 
it receives a read or write command for the main memory 
28#i outputted to the MPU bus #34#i, a flashback 
instruction command or a read command for a control 
register for storing trouble information and so forth of 
the INF section 32#i or the like, the command to the 
command conversion section 62#i. Further, the MPU bus 
interface control section 60#i controls the MPU bus 34#i 
to output data for the main memory 28#i or the control 
register outputted from the command conversion section 
62 #i to the main memory 2 8#i or the control register. 
Furthermore, the MPU bus interface control section 60#i 
has a reset terminal not shown, and when the reset 
terminal is asserted, the MPU bus interface control 
section 60#i is reset and a register and so forth which 
control the MPU bus 34#i are reset. Consequently, locking 
of the MPU bus 34#i is cancelled compulsorily , and 
information which makes a cause of locking of the 
extension MPU bus 36#i is reset. 
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The command conversion section 62#i has the 
following functions . 

(1) The command conversion section 62#i analyzes a 

command inputted from the MPU bus interface control 
section 60#i and outputs, if the command is a command for 
directly accessing the main memory 28#i without 
intervention of the cache memory 26#i, the command to the 
extension MPU bus interface control section 64#i- If the 
command is any other than the command just described, 
then the command conversion section 62#i instructs the 
cache memory entry control section 68#i to access the 
cache memory 2 6#i* 

(2) Upon cache mishit, the command conversion 
section 62#i outputs a command for accessing the main 
memory 28#i to the extension MPU bus interface control 
section 64#i. The command conversion section 62#i outputs 
data outputted from the extension MPU bus interface 
control section 64#i to the cache memory 26#i. 

(3) Upon cache hit, if the command is a read 
command, then the command conversion section 62#i outputs 
data outputted from the cache memory entry control 
section 68#i to the MPU bus interface control section 
60#i. 

(4) If a flashback instruction command is inputted 
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from the MPU bus interface control section 60#i, then the 
command conversion section 62#i instructs the cache 
memory entry control section 68#i to perform flashback. 
If data to be flashed back is outputted from the cache 
memory entry control section 68#i together with an 
address in the main memory 2 8#i, then the command 
conversion section 62#i outputs a command for instruction 
to write the data into the address of the main memory 
2 8#i to the extension MPU bus interface control section 
64#i. 

(5) A command for instruction to read from the 
control register of the INF section 32#i or the like is 
outputted from the MPU bus interface control section 60#i 
to the extension MPU bus interface control section 64 #i. 
If contents of the log information and so forth of the 
control register are outputted from the extension MPU bus 
interface control section 64#i, then the command 
conversion section 62#i outputs the contents to the MPU 
bus interface control section 60#i. 

(6) When flashback to the main memory 28#i is 
completed, the command conversion section 62#i asserts 
the flashback state notification line 40#i. 

(7) The command conversion section 62#i has a reset 
terminal not shown, and if the reset terminal is asserted, 
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then the command conversion section 62#1 is reset, and a 
register and so forth which takes part in control of a 
command are reset. Consequently, information which makes 
a cause of locking of the MPU bus 34#i and the extension 
MPU bus 36#i is reset. 

The extension MPU bus interface control section 
64 #i controls interfacing between the extension MPU bus 
36#i and the command conversion section 62#i, and if a 
reset signal inputted to a reset terminal not shown of 
the extension MPU bus interface control section 64 #i is 
asserted, then a register and so forth which take part in 
control of the extension MPU bus 36#i are reset. The 
cache memory entry control section 68#i has the following 
functions . 

(1) The cache memory entry control section 68#i 
receives a read/write instruction from the command 

conversion section 62#i and retrieves the tag section 
70#i to check whether or not cache hit occurs. If cache 
hit is detected, then the cache memory entry control 
section 68#i reads or writes data into or from the cache 
memory 2 6#i through the cache memory bus interface 
control section 72#i and the cache memory bus 38#i. 
Further, if cache mishit is detected, then the cache 
memory entry control section 68#i outputs information 
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representing this to the command conversion section 62#i. 

The cache memory entry control section 68#i writes data 
of the main memory 28#i inputted thereto from the command 
conversion section 62 #i to the cache memory 2 6#i through 
the cache memory bus interface control section 72#i and 
the cache memory bus 39#i and registers information 
regarding an address and so forth at the main memory 28#i 
of the write data into the tag section 70#i. 

(2) If the cache memory entry control section 68#i 
receives a flashback instruction from the command 
conversion section 62#i f then it refers to the tag 
section 70#i to read at least updated data from the cache 
memory 26#i through the cache memory bus interface 
control section 72#i and the cache memory bus 38#i and 
outputs the data and the address to the command 
conversion section 62#i. 

The tag section 7 0#i is a directory for controlling 
whether or not data of the main memory 2 8#i is present in 
the cache memory 2 6#i. While various controlling systems 
are possibly available , for example, addresses in the 
main memory 28#i, updating flags and so forth of the data 
stored in the individual blocks of the cache memory 26#i 
are stored. The cache memory bus interface control 
section 72#i controls interfacing between the cache 
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memory entry control section 68#i and the cache memory 
26#i* The cache memory entry control section 68#i, tag 
section 7 0#i and cache memory bus interface control 
section 72 #i have a reset terminal not shown connected to 
the general reset line 4 4#i so that they are reset when 
the general reset line 44#i is asserted. The reset signal 

inputting section 74#i receives a general reset signal 

and a partial reset signal from the general reset line 
44#i and the partial reset line 46*1, respectively, and 
if one of the reset lines 44#i and 46#i is asserted, then 
the reset signal inputting section 74#i asserts a reset 
signal which is an output signal thereof and outputs it 
to the reset terminals of the MPU bus interface control 
section 60#i, command conversion section 62#i and 

extension MPU bus interface control section 64#i. 

The partial reset line 4 6#i is a signal line which 
takes part in cancellation of locking of the MPU bus 34#i 
and the extension MPU bus 36#i in flashback processing 
and is provided separately from the general reset line 
44 #i because it is possible to cancel locking of the MPU 
bus 34#i and the extension MPU bus 36#i and hold 
information regarding flashback, for example, stored 
contents of the tag section 70#i to perform flashback 
regularly. Accordingly, even if the partial reset line 
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46#i is asserted, the tag section 70#i and so forth which 
hold information relating to flashback are not reset. The 
general reset line 44 #i is a signal line which is 

asserted upon starting up of the system 20#i- The cache 

memory 26#i shown in FIG. 2 is a high speed memory such 
as an SRAM for storing part of stored data of the main 
memory 28#i. FIG. 4 is a block diagram of the main memory 
28#i shown in FIG. 2. Referring to FIG. 4, the main 
memory 28#i includes an extension MPU bus interface 
control section 80#i, a control register 82#i, a memory 
control section 84#i, a memory section 86#i and a memory 
confounding control section 88#i. The extension MPU bus 
interface control section 80#i is an interface between 
the memory control section 84#i and the extension MPU bus 
36#i. 

The memory control section 84#i receives a command 
outputted from the extension MPU bus 3 6#i through the 
extension MPU bus interface control section 80#i and 
reads or writes data from or into the memory section 86#i. 
Further, the memory control section 84#i outputs data 
read from the memory section 86#i to the extension MPU 
bus 3 6#i. Furthermore, if the flashback state 
notification line 40#i is asserted, then the memory 
control section 84#i writes flashed back information into 
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a particular address area of the memory section 86#i. The 
control register 82#i is a register for storing error 
information such as a data error, an address of error 
data, a memory capacity, a memory configuration, a memory 
bank, an access rate and so forth. The memory section 
86#i is a memory into which a program or the like stored 
on a storage medium such as a hard disk (HDD) not shown 
is loaded, and is formed from a DRAM or a like device. 

The memory confounding control section 88#i steals, in 
the ACT system, accessing of the memory control section 
84#i to the memory section 86#i and outputs, when data is 
written into the memory section 86#i, the data and the 
address to a memory confounding line 50. On the other 
hand, in the SBY system, the memory confounding control 
section 88#i writes, when the data and the address are 
inputted thereto from the memory confounding line 50, the 
data into the address of the memory section 86#i. 

FIG. 5 is a block diagram of the system control 
section 30#i shown in FIG. 2. Referring to FIG. 5, the 
system control section 30#i includes an extension mpu bus 
interface control section 90#i, a reset line 92#i, a 
watch dog timer 94 #i, a control register 96#i, a 
subsystem changeover timer 98#i, a main control section 
100#i and a confounding control section 102#i. The 
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extension MPU bus interface control section 90#i controls 
interfacing between the extension MPU bus 3 6#i and the 
main control section 100#i. Further, if the reset line 
92#i is asserted, then a register and so forth of the 
extension MPU bus interface control section 90#i which 
control the extension MPU bus 3 6#i are set. Consequently, 
if the extension MPU bus 36#i is locked by the extension 
MPU bus interface control section 90#i, then the locking 

is cancelled compulsorily . 

The watch dog timer 94#i is reset in response to a 
reset signal stored in the control register 96#i and 
outputs an overflow signal to the control register 96#i 
when it counts a fixed time which is not shorter than a 
reset period by the MPU section 22#i in response to a 
clock not shown. The control register 96#i is a register 
for storing a reset signal and an overflow signal of the 
watch dog timer 94 #i, a timeout signal of the subsystem 
changeover timer 98 #i and so forth. The subsystem 
changeover timer 98#i starts counting of time in response 
to an overflow signal of the watch dog timer 94#i and 
writes a timeout signal into the control register 96#i 
when it counts up a time which is not shorter than a time 
required for flashback after the watch dog timer 94 #i 
overflows in response to a clock not shown. 
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The main control section 10 0#i has the following 
functions . 

(1) In the ACT system, when the control register 
96#i indicates an overflow of the watch dog timer 94#i, 
the main control section 100#i first asserts the partial 
reset line 46#i and the general reset lines 47#i and 48#i 
and then asserts the interrupt notification line 4 2#i. 

(2) In the ACT system, if the flashback state 
notification line 40#i is asserted, then the main control 
section 100#i instructs the confounding control section 
102#i to signal an ACT/SBY system changeover signal. 

(3) in the SBY system, when the main control 
section 100#i receives a notification of the ACT/SBY 
system changeover signal from the confounding control 
section 102#i, then it first asserts the general reset 
line 44#i and the general reset lines 47#i and 48#i and 
then asserts the interrupt notification line 42#i. 

The confounding control section 102#i in the ACT 
system signals an ACT/SBY system changeover signal to a 

system confounding line 52 in accordance with an 

instruction of the main control section 100#i. In the SBY 
system, when the confounding control section 102#i 
receives the ACT/SBY system changeover signal from the 
system confounding line 52, it notifies the main control 
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section 100#i of the signal. The INF section 32#i shown 
in FIG. 2 controls interfacing between the extension MPU 
bus 36#i and the other functioning section connection bus 

49#i. Further, the INF section 32fi has a reset terminal 
so that it is reset when the general reset line 48#i is 
asserted. FIG. 6 is a flow chart illustrating operation 
of the system control section 30#i shown in FIG. 2. fig. 
7 is a flow chart illustrating operation of the MPU 
section 22#i (current ACT system) shown in FIG. 2. FIG. 8 
is a flow chart illustrating operation of the cache 
memory control section 24#i shown in FIG. 2. FIG. 9 is a 
flow chart illustrating operation of the main memory 2 8#i 
shown in FIG. 2. FIG. 10 is a flow chart illustrating 
operation of the MPU section 22#i (old SBY system) shown 
in FIG. 2. In the following, operation of the system of 
FIG. 2 upon flashback is described with reference to the 
figures mentioned above. 

(Al) Operation of the MPU Section 22#0 
In the present embodiment, it is assumed that the 
O-subsystem 2 0#0 serves as the ACT system and the 1- 
subsystem 20#1 acts as the SBY system. The MPU section 
22 #0 in a normal operation periodically outputs a command 
for writing into the control register 96#0 a signal for 
resetting the watch dog timer 94#0 in the system control 
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section 30#0 to the MPU bus 34#0. The cache memory 
control section 24#0 receives the command and outputs a 
command for writing a reset signal over the extension MPU 
bus 36#0 to the extension MPU bus 36#0. The system 
control section 30#0 writes the reset signal into the 
control register 96#0. The watch dog timer 94#0 is reset 
by the reset signal. Here, it is assumed that a trouble 
that the watch dog timer 94 #0 cannot be reset occurs with 
the MPU section 22#0. The cause of the trouble may be 
that a program executed by the MPU section 22 #0 is 
abnormal in that it runs away or the like, that the MPU 
bus 3 4#0 or the extension MPU bus 3 6#0 is locked, that 
the hardware fails or the like. In such an instance, the 
watch dog timer 94#0 overflows because it is not reset 

intermediately . 

(Bl) Operation of the System Control Section 30#0 
In step S2 illustrated in FIG. 6, the main control 
section 100#0 reads the control register 96#0 and checks 
whether or not the watch dog timer 94#0 has overflowed. 
If the watch dog timer 94 #0 has overflowed, then the 
processing advances to step S4, but if the watch dog 
timer 94#0 has not overflowed, then the processing is 
ended. In step S4, since the watch dog timer 94#0 has 
overflowed, the subsystem changeover timer 98#0 is 
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started and begins to count time in accordance with the 
clock. In step S6, the main control section 100#0 asserts 
the reset line 92 #0 to reset the extension MPU bus 
interface control section 90#0. in step S8, the main 
control section 100#0 asserts the general reset lines 
47#0 and 48#0 to reset the INF section 32#0 and the main 
memory 28#0. Consequently, if the extension MPU bus 36#0 
is locked because of a trouble with the main memory 28#0 
or the INF section 32#0, the locking is cancelled 
compulsorily . 

In step S10, the main control section 100#0 asserts 

the partial reset line 46#0 to partially reset the cache 
memory control section 24#0. Consequently, when the MPU 
bus 34#0 or the extension MPU bus 36#0 is locked because 
of a failure of the cache memory control section 24#0 or 
the like, the locking is cancelled compulsorily. In step 
S12, the main control section 100#0 asserts the interrupt 
notification line 42#0. 

(A2) Operation of the MPU Section 22#0 
The MPU section 22 #0 has an address of the 
emergency control operation program registered therein as 
an interrupt vector address. In step S20 in FIG. 7, the 
MPU section 22 #0 is notified of an interruption by 
assertion of the interrupt notification line 42#0. In 
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step S22, as the interrupt notification line 42#0 is 
asserted, interruption occurs with the MPU section 22#0 
and the emergency control operation program is started. 

In step S24, the emergency control operation program 

issues a flashback instruction command to the MPU bus 
34#0. In step S26, the MPU section 22#0 collects log 
information from control registers of the cache memory 
control section 24#0, main memory 28#0 and INF section 
32#0 which relate to a failure log through the MPU bus 
34#0, cache memory control section 24#0 and extension MPU 
bus 36#0, In step S28, the MPU section 22#0 writes the 
failure log information directly into the main memory 
2 8#0 over the MPU bus 34#0 and the extension MPU bus 3 6#0. 
(C) Operation of the Cache Memory Control section 

24#0 

In step S30 in FIG. 8, if it is assumed that the 
reset signal inputting section 74#0 is asserted, for 
example, with ' H', then the cache memory control section 
24#0 logically ORs the partial reset signal of the 
partial reset line 4 6#0 and the general reset signal of 
the general reset line 44#0 and outputs a reset signal to 
the reset terminals of the MPU bus interface control 
section 60#0, command conversion section 62 #0 and 
extension MPU bus interface control section 64#0. Since 
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the partial reset line 46#0 is asserted, the reset signal 
inputting section 74#0 asserts the reset signal. In the 
MPU bus interface control section 60#0, command 
conversion section 62#0 and extension MPU bus interface 
control section 64#0, registers and so forth which take 
part in control of the MPU bus 34#0 and the extension MPU 
bus 36#0 are reset because the reset signal to them is 
asserted. Consequently, even if the MPU bus 34#0 or the 
extension MPU bus 36#0 is locked by a failure of any of 
them, the locking is cancelled compulsorily . It is to be 
noted that the blocks of the tag section 70#0 and so 
forth which take part in flashback are not reset. 

In step S3 2, when the MPU bus interface control 
section 60#0 receives a flashback instruction command 
from the MPU bus 34#0, it outputs the flashback 
instruction command to the command conversion section 
62#0. In step S34, the command conversion section 62#0 
receives the flashback instruction command and instructs 
the cache memory entry control section 68#0 to perform 
flashback. The cache memory entry control section 68#0 
refers to the tag section 70#0 to successively determine 
at least updated block addresses. Then, the cache memory 
entry control section 68#0 successively reads the block 
data from the cache memory 26#0 through the cache memory 
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bus interface control section 72#0 and the cache memory 
bus 38#0. The cache memory entry control section 68#0 
outputs the block data to the command conversion section 
62#0 together with the actual addresses of the blocks in 
the main memory 2 8#0. 

The command conversion section 62#0 outputs a 
command for instruction to write the block data into the 
main memory 28#0 in accordance with the addresses through 
the extension MPU bus interface control section 64 #0 and 
the extension MPU bus 36#0. The memory control section 
84 #0 in the main memory 28#0 receives the command from 
the extension MPU bus 36#0 through the extension MPU bus 
interface control section 80#0 and writes the block data 
into the addresses of the memory section 86#0. The memory 
confounding control section 88#0- steals the writing of 
the memory control section 84#0 into the memory section 
86#0 and outputs the written data and the addresses to 
the memory confounding line 50. The memory confounding 
control section 88#1 in the SBY system receives the data 
and the data addresses from the memory confounding line 
50 and writes them into the memory section 86#1. At least 
all of the updated blocks of the cache memory 26#0 are 

read from the cache memory 26#0 and written into the main 
memory 28#0, thereby completing the flashback, in step 
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S36, the command conversion section 62#0 asserts the 
flashback state notification line 40#0 when the flashback 
is completed. 

(D) Operation of the Main Memory 28#0 

In step S4 0 in FIG, 9, the memory control section 
84#0 checks whether or not the flashback state 
notification line 40#0 is asserted. If the flashback 
state notification line 40#0 is asserted, then the 
processing advances to step S42, but if the flashback 
state notification line 40#0 is not asserted, then the 
processing is ended. In step S42, the memory control 
section 84#0 writes information representing completion 
of flashback into a particular address area of the memory 
section 86#0. This information is written into the main 
memory 28#1 of the SBY system over the memory confounding 
line 50. 

(B2) Operation of the system control section 30#0 
In step S14 in FIG. 6, the main control section 
100 #0 checks whether or not the flashback state 
notification line 40#0 is asserted. If the flashback 
state notification line 40#0 is asserted, then the 
processing advances to step S18, but if the flashback 
state notification line 40#0 is not asserted, then the 
processing advances to step S16. The flashback state 
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notification line 40#0 may not be asserted when the 
hardware of the MPU section 22#0 itself is in failure or 
in a like case. If the flashback state notification line 
40#0 is not asserted, then timeout of the subsystem 
changeover timer 98#0 occurs soon, and a timeout signal 
is written into the control register 96#0. In step S16, 
the main control section 100#0 reads the control register 
96#0, and checks whether or not timeout of the subsystem 
changeover timer 98#0 has occurred. If timeout of the 
subsystem changeover timer 98#0 has not occurred, then 
the processing returns to step S14. If timeout of the 
subsystem changeover timer 98#0 has occurred, then the 
processing advances to step S18. 

in step S18, the main control section 100#0 
instructs the confounding control section 102#0 to 
perform changeover of the systems between ACT/SBY. When 
the confounding control section 102#0 receives the 
instruction of the changeover of the subsystems between 
ACT/SBY, it outputs an ACT/SBY system changeover signal 
to the system confounding line 52. Consequently, when the 
watch dog timer 94#0 overflows, if the flashback state 
notification line 40#0 is asserted, then the ACT/SBY 
system changeover signal is outputted to the system 
confounding line 52. Also if the flashback state 
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notification line 40#0 is not asserted, timeout of the 
subsystem changeover timer 98#0 occurs, and an ACT/SBY 
system changeover signal is outputted to the system 

confounding line 52. 

(B3) Operation of the System Control Section 30#1 
When the confounding control section 102#1 in the 
system control section 30#1 of the SBY system receives 
the ACT/SBY system changeover signal from the system 
confounding line 52, it notifies the main control section 
100#1 of changeover of the systems between ACT/SBY . The 
main control section 100#1 asserts the interrupt 
notification line 42#1 when it receives the notification 
of the change over of the systems . 

(A3) Operation of the MPU Section 22#1 
In step S50 in FIG - 10, the interrupt notification 
line 42#1 is asserted to cause an interruption to the MPU 
section 22#1. In step S52, the emergency control 
operation program is started. It is to be noted that, 
while the interrupt processing program is commonly used 
between the old SBY system and the current ACT system, 
naturally different programs may be used* In step S54, 
the emergency control operation program causes the MPU 
section 22#1 to read the information indicative of 
completion of flashback from the particular address area 
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of the main memory 28#1 through the MPU bus 34#1, the 
cache memory control section 24 #1 and the extension MPU 
bus 36#1. in step S56, the emergency control operation 
program advances the processing to step S58 if the 
information indicates completion of flashback, but if the 
information does not indicate completion of flashback , 
then the emergency control operation program advances the 
processing to step S60. 

In step S58, the emergency control operation 
program starts up a service program. The service program 
continues the service in accordance with the stored 
contents of the main memory 28#1. in step S60, the 
emergency control operation program causes the MPU 
section 22#1 to perform IPL into the main memory 28#1 and 
then stop the service once. Then, the service program is 

started to resume the service. As described above, 
according to the first embodiment, even if the extension 
MPU bus or the MPU bus is in a locked state, the locking 
is cancelled compulsorily, and consequently, flashback 
can be performed. Since continuation or stopping of the 
service is performed based on the flashback completion 
information, the reliability of the service can be 
augmented. Since changeover of the systems is performed 
when the flashback state notification line is asserted 
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before timeout of the subsystem changeover timer occurs, 
the service can be continued rapidly. 
P^nnH Embodiment 

FIG. 11 is a block diagram of a dual system 
according to a second embodiment of the present invention, 
and in FIG. 11, substantially like components to those in 
FIG. 2 are denoted by like reference characters. A 
flashback state notification line 114#i in FIG. 11 is 
different from the flashback state notification line 40#i 
in FIG. 2 in that it interconnects only the cache memory 
control section 24#i and a main memory 112#i without 
intersecting the cache memory control section 24#i and 
the system control section 30#i. FIG. 12 is a block 
diagram of the main memory 112#i shown in FIG. 11, and in 
FIG. 12, substantially like components to those in FIG. 4 
are denoted by like reference characters. A memory 
control section 120#i in FIG. 12 is different from the 
memory control section 84#i shown in FIG. 4 in that, if 
the flashback state notification line 114#i is asserted 
by the cache memory control section 24#0, then the memory 
control section 120#i writes information representative 
of completion of flashback into a particular address of 
the memory section 86#i and asserts a flashback state 
notification line 116#i. The reason why the main memory 
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112#i asserts the flashback state notification line H6#i 

is that, since the ACT /S BY systems are changed over after 
information of completion of flashback is written into 
the memory section 86#i, the subsystem which has been 
changed over to the ACT system can read the information 
representative of completion of flashback with a higher 
degree of certainty. Since the other components shown in 
FIG. 11 are substantially similar to those in FIG. 2, 
description of them is omitted. 

FIG. 13 is a flow chart illustrating operation of 
the main memory 112#i shown in FIG. 11. In the following, 
operation of the system shown in FIG. 11 is described 
with reference to FIG. 13. Also in the present embodiment, 
it is assumed that a O-subsystem 110#0 serves as the ACT 
system and a 1-subsystem 110#1 serves as the SBY system. 
Further, it is assumed that the watch dog timer 94#0 
overflows due to a trouble of the O-subsystem 110#0. 

(Bl) Similarly as in (Bl) of the first embodiment, 
when the watch dog timer 94#0 overflows, the system 
control section 30#0 asserts the general reset lines 47#0 
and 48#0 to generally reset the main memory 112#0 and the 
INF section 32#0. Further, the system control section 
30#0 asserts the partial reset line 46#0 to partially 
reset the cache memory control section 24#0 and asserts 
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the interrupt notification line 42 #0. 

(A2) similarly as in (A2) of the first embodiment, 

if the interrupt notification line 42#0 is asserted, then 
interruption occurs with the MPU section 22#0, and the 
emergency control operation program is started. The 

emergency control operation program causes the mpu 
section 22#0 to instruct the cache memory control section 
24 #0 to perform flashback and then collect log 
information regarding the trouble and then write the log 
information into the main memory 112#0. 

(C) Similarly as in (C) of the first embodiment, 
the cache memory control section 24 #0 performs flashback 
to the main memory 112#0. The cache memory control 
section 24#0 asserts the flashback state notification 
line 114#0 when the flashback is completed, 

(D) Operation of the Main Memory 112#0 

In step S70 in FIG. 13, the memory control section 
12 0#0 checks whether or not the flashback state 
notification line 114#0 is asserted. If the flashback 
state notification line 114#0 is asserted, then the 
processing advances to step S72. If the flashback state 
notification line 114#0 is not asserted, then the 
processing is ended. In step S72, the memory control 
section 120#0 writes information representative of 
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completion of flashback into the particular address area 
in the memory section 86#0. In step S74, the memory 
control section 120#0 asserts the flashback state 
notification line 116#0. 

(B2) The system control section 30#0 outputs an 
ACT/SBY system changeover signal to the system 
confounding line 52 when the flashback state notification 
line 116#0 is asserted. At this time, since the flashback 
state notification line 116#0 is asserted after the 
information representative of completion of flashback is 
written into the main memory 112#0, the information 
representative of completion of flashback is read into 
the 1-subsystem 110#1 with a higher degree of certainty 
and the service can be continued with a higher degree of 
certainty by the 1-subsystem 110#1. According to the 

second embodiment described above, similar effects to 

those of the first embodiment can be achieved. 
Third Embodiment 

FIG. 14 is a block diagram of a dual system 
according to a third embodiment of the present invention, 
and in FIG. 14, substantially like components to those in 
FIG. 2 are denoted by like reference characters. FIG. 15 
is a block diagram of a main memory 122#i shown in FIG. 
14, and in FIG. 15, substantially like components to 
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those in PIG. 4 are denoted by like reference characters. 

A memory control section 130#i shown in FIG. 15 is 
different from the memory control section 84 #i shown in 
FIG. 4 in that information of completion of flashback is 
written not into the memory section 86 #i but into a 
flashback state register 132#i. Where information is 
written into the flashback state register 132#i while the 
information is excepted from the main memory 122 #i in 
this manner, restriction when a program is loaded into 
the main memory 122#i is reduced. 

An MPU section 121#i shown in FIG. 14 executes an 
emergency control operation program when the subsystem to 
which it belongs changes over from the SBY system to the 
ACT system, and the emergency control operation program 
is different from the emergency control operation program 
executed by the MPU section 22 #i shown in FIG. 2 in that 

information representative of completion of flashback is 

read not from the main memory 122#i but from the 
flashback state register 132#j (j ^ i) of the other 
subsystem. An other functioning section connection bus 

124 shown in FIG. 14 interconnects the INF sections 32#0 

and 32#1 and is different in this regard from the other 
functioning section connection buses 49#0 and 49#1 shown 
in FIG. 2 which do not have such restriction. The reason 
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why the INF sections 32 #0 and 32 #1 are interconnected is 
that it is intended to allow the MPU section 121#i of the 
self subsystem 120#i to read information representative 
of completion of flashback from the flashback state 
register 132 #j of the other subsystem 120#j (j ^ i) over 

the other functioning section connection bus 124. However, 

any structure may be employed only if it can read such 

information from the flashback state register 13 2 f j of 

the other subsystem. 

FIG. 16 is a flow chart illustrating operation of 
the main memory 122 #i shown in FIG. 14. in the following , 
operation of the system of FIG . 14 is described with 
reference to FIG. 16. Also in the present embodiment, it 
is assumed that a O-subsystem 120#0 serves as the ACT 
system and a 1-subsystem 120#1 serves as the SBY system. 
Further, it is assumed that the watch dog timer 94#0 
overflows due to a trouble of the O-subsystem 120#0. 

(Bl) The system control section 30#0 operates 
similarly as in (Bl) of the first embodiment when the 
watch dog timer 94#0 overflows. 

(A2) When the interrupt notification line 42#0 is 

asserted, then interruption occurs with the MPU section 

121#0, and the MPU section 121#0 operates in a similar 
manner as in (A2) of the first embodiment. 

48 



(C) The cache memory control section 24#0 performs 
flashback to the main memory 122#0 similarly as in (C) of 
the first embodiment. The cache memory control section 
24#0 asserts the flashback state notification line 40#0 
when the flashback is completed. 

(D) Operation of the Main Memory 122#0 

In step S8 0 in FIG. 16, the memory control section 
130#0 checks whether or not the flashback state 
notification line 40#0 is asserted. If the flashback 
state notification line 4 0#0 is asserted, then the 
processing advances to step S82. If the flashback state 
notification line 40#0 is not asserted, then the 
processing is ended. In step S82, the memory control 
section 130#0 writes information representative of 
completion of flashback into the flashback state register 

132#0. 

(B2) The system control section 30#0 outputs an 
ACT/SBY system changeover signal to the system 
confounding line 52 in a similar manner as in (B2) of the 
first embodiment . 

(B3) The system control section 30#1 operates in a 
similar manner as in (B3) of the first embodiment such 
that it asserts the interrupt notification line 42#1 when 
the ACT/SBY system changeover signal from the system 
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confounding line 52 is received. 

(A3) Operation of the MPU Section 121#1 
When the interrupt notification line 42#1 is 
asserted, interruption occurs with the MPU section 121*1, 
and the emergency control operation program is started. 
The emergency control operation program causes the MPU 
section 121#1 to read the information representing 
whether or not flashback has completed from the flashback 
state register 132 #0 shown in FIG. 15 through the MPU bus 
34#1, cache memory control section 24#1, extension MPU 
bus 36#1, INF section 32#1, other functioning section 
connection bus 124, INF section 32#0 and extension MPU 
bus 36#0. If the information represents that flashback 
has completed, then the emergency control operation 
program causes the MPU section 121#1 to start the service 
program to continue the service. If the information 
represents that flashback has not completed, then the 
emergency control operation program causes the MPU 
section 121#1 to perform IPL to interrupt the service and 
then resume the service. According to the third 
embodiment described above, similar effects to those of 
the first embodiment are achieved. 
Fourth Embodiment 

FIG . 17 is a block diagram of a dual system 

50 



according to a fourth embodiment of the present invention, 
and in FIG. 17 , substantially like components to those in 
FIG. 11 or 14 are denoted by like reference characters. 
The dual system of FIG. 17 is a combination of the second 
embodiment shown in FIG. 11 and the third embodiment 
shown in FIG. 14. FIG. 18 is a block diagram of a main 
memory 142#i shown in FIG. 17, and in FIG. 18, 
substantially like components to those in FIG. 12 are 
denoted by like reference characters. A memory control 
section 144#i shown in FIG. 18 is different from the 
memory control section 120#i shown in FIG. 12 in that 
flashback completion information is written into the 
flashback state register 132#i. FIG. 19 is a flow chart 
illustrating operation of the main memory 142#i shown in 
FIG. 17. In the following, operation of the system of FIG. 
17 is described with reference to FIG. 19. It is assumed 
that a O-subsystem 140#0 serves as the ACT system and a 
1-subsystem 14 0#1 serves as the SBY system, and the watch 
dog timer 94#0 overflows. 

(Bl) The system control section 30#0 operates 
similarly as in (Bl) of the first embodiment if the watch 
dog timer 94 #0 overflows. 

(A2) If the interrupt notification line 42#0 is 
asserted, then interruption occurs with the MPU section 



121#0, and the MPU section 121#0 operates in a similar 
manner as in (A2) of the first embodiment* 

(C) The cache memory control section 24#0 operates 
similarly as in (C) of the first embodiment to perform 
flashback of the main memory 142#0. The cache memory 
control section 24#0 asserts the flashback state 
notification line 114#0 when the flashback is completed* 

(D) Operation of the Main Memory 142 #0 

In step S90 in FIG. 19, the memory control section 
144#0 checks whether or not the flashback state 
notification line 114#0 is asserted. If the flashback 
state notification line 114#0 is asserted, then the 
processing advances to step S92. If the flashback state 
notification line 114#0 is not asserted, then the 
processing is ended. In step S92, the memory control 
section 144 #0 writes information representative of 
completion of flashback into the flashback state register 
132#0. In step S94, the memory control section 144#0 
asserts the flashback state notification line 116#0. 

(B2) The system control section 30#0 outputs an 
ACT/SBY system changeover signal to the system 
confounding line 52 in a similar manner as in (B2) of the 
first embodiment. 

(B3) The system control section 30#1 of the SBY 
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system operates in a similar manner as in (B3) of the 
first embodiment. 

(A3) The MPU section 121#1 operates in a similar 
manner as in (A3) of the third embodiment. According to 
the fourth embodiment described above, similar effects to 
those of the first embodiment can be achieved. 
Fift-.h Embodiment 

FIG. 20 is a block diagram of a dual system 
according to a fifth embodiment of the present invention , 
and in FIG. 2 0 , substantially like components to those in 

FIG. 2 are denoted by like reference characters. FIG. 21 
is a block diagram of a cache memory control section 
152#i shown in FIG. 20 f and in FIG. 21, substantially 
like components to those in FIG. 3 are denoted by like 
reference characters. A command conversion section 160#i 
is different from the command conversion section 62#i 
shown in FIG. 3 in that it notifies a main memory 154#i 
and a system control section 156#i of completion of 
flashback not by asserting the flashback state 
notification line 40#0 but by outputting a flashback 
completion command to the extension MPU bus 36#i. FIG. 22 
is a block diagram of the main memory 154#i shown in FIG. 
20, and in FIG. 22, substantially like components to 
those in FIG. 4 are denoted by like reference characters. 
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A memory control section 162 #i is different from the 
memory control section 84#i shown in FIG. 4 in that, when 
it receives a flashback completion notification command, 
it writes information representative of completion of 
flashback into the particular address area of the memory 

section 86#i. 

FIG. 23 is a block diagram of the system control 
section 156#i shown in FIG. 20, and substantially like 
components to those in FIG. 5 are denoted by like 
reference characters. A main control section 164#i is 
different from the main control section 100#i shown in 
FIG. 5 in that, when it receives a flashback completion 
notification command, it instructs the confounding 
control section 102#i to perform ACT/SBY system 
changeover. FIG. 24 is a flow chart illustrating 
operation of the system control section 156#i shown in 
FIG. 20. FIG. 25 is a flow chart illustrating operation 
of the cache memory control section 152#i shown in FIG. 
20. FIG* 26 is a flow chart illustrating operation of the 
main memory 154#i shown in FIG. 20. In the following, 
operation of the system of FIG. 2 0 is described with 
reference to the figures mentioned above. It is assumed 
that a 0-subsystem 150#0 serves as the ACT system and a 
1-subsystem 150#1 serves as the SBY system, and the watch 
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dog timer 94#0 overflows . 

(Bl) The system control section 156#0 performs 
processing in steps S100 to S110 illustrated in FIG. 24 
in a similar manner as in (Bl) of the first embodiment if 
the watch dog timer 94#0 overflows. 

(A2) When the interrupt notification line 42#0 is 
asserted, then interruption occurs with the MPU section 
22 #0, and the MPU section 22 #0 operates in a similar 
manner as in (A2) of the first embodiment. 

(C) The cache memory control section 152#0 performs 
processing in steps S120 to S124 illustrated in FIG. 25 
in a similar manner as in (C) of the first embodiment. In 
step S12 6, when the flashback is completed, the command 
conversion section 160#i outputs a flashback completion 

notification command to the extension MPU bus 36#i 

through the extension MPU bus interface control section 
64#i. The flashback completion notification command is 
received by the main memory 154#i and the system control 

section 156#i and is, if it is recognizable, recognized 

based on, for example, a unique command code though not 
particularly limited to this. Further, the flashback 
completion notification command may otherwise be 
transmitted together with information representative of a 
destination of the reception side such that it may be 
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transmitted first to the main memory 154#0 and then to 
the system control section 156#0. By this , ACT/SBY 
changeover can be performed with a higher degree of 
certainty after information representative of completion 
of flashback is written into a particular address of the 
main memory 154#0. 

(D) In Step S130 in FIG. 26, the memory control 
section 162#0 checks whether or not the flashback 
completion notification command has been inputted . If the 
flashback completion notification command has been 
inputted, then the processing advances to step S132. If 
the flashback completion notification command has not 
been inputted, then the processing is ended. In step S132, 
the memory control section 162#0 writes information 
representative of completion of flashback into the 
particular address area of the memory section 86#0. 

(B2) The main control section 164#0 in the system 
control section 156#0 checks, in step S112 in FIG. 24 , 
whether or not the flashback completion notification 
command has been inputted. If the flashback completion 
notification command has been inputted, then the 
processing advances to step SI 16. If the flashback 
completion notification command has not been inputted, 

then the processing advances to step S114. in steps sii4 
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to SI 16, the main control section 164#0 outputs an 
ACT /S BY system changeover signal to the system 
confounding line 52 in a similar manner as in (B2) of the 

first embodiment. 

(B3) The system control section 156#1 of the SBY 
system operates in a similar manner as in (B3) of the 
first embodiment. 

(A3) The MPU section 22#1 operates in a similar 
manner as in (Al) of the first embodiment. According to 
the fifth embodiment described above, similar effects to 
those of the first embodiment are achieved. 
S-jyth Embodiment 

FIG. 27 is a block diagram of a dual system 

according to a sixth embodiment of the present invention, 
and in FIG. 27, substantially like components to those in 
FIG. 11 or 20 are denoted by like reference characters. 
The present embodiment is a combination of the second 
embodiment of FIG. 11 and the fifth embodiment of FIG. 20. 
FIG. 2 8 is a block diagram of a main memory 172 #i shown 
in FIG. 27, and in FIG. 27, substantially like components 
to those in FIG. 12 or 22 are denoted by like reference 
characters. A memory control section 180#i is different 
from the memory control section 120#i or 162#i shown in 
FIG. 12 or 22 in that, if a flashback completion 
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notification command is inputted to the memory control 
section 180#i, then the memory control section 180#i 
writes information representative of completion of 
flashback into the particular address area of the memory 
section 86#i and asserts the flashback state notification 
line 116#i. FIG. 29 is a flow chart illustrating 
operation of the main memory 172#i shown in FIG. 27. In 
the following, operation of the system of FIG. 2 7 is 
described with reference to the figures mentioned above. 
It is assumed that a O-subsystem 170#0 serves as the ACT 
system and a 1-subsystem 170#1 serves as the SBY system, 
and the watch dog timer 94#0 overflows. 

(Bl) The system control section 30#0 operates in a 
similar manner as in (Bl) of the first embodiment. 

(A2) When the interrupt notification line 42#0 is 
asserted, interruption occurs with the MPU section 22#0, 
and the MPU section 22 #0 operates in a similar manner as 
in (A2) of the first embodiment. 

(C) The cache memory control section 152#0 operates 
in a similar manner as in (C) of the fifth embodiment. 

(D) In steps S140 and S142 in FIG. 29, the memory 
control section 180#0 performs processing similar to that 
in (D) of the fifth embodiment. In step S144, the memory 
control section 180#0 asserts the flashback state 
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notification line 116#i in a similar manner as in (D) of 

the second embodiment. 

(B2) The system control section 3 0#0 operates in a 

similar manner as in (B2) of the first embodiment. 

(B3) The system control section 30#1 of the SBY 
system operates in a similar manner as in (B3) of the 

first embodiment . 

(A3) The MPU section 22#1 operates in a similar 
manner as in (A3) of the first embodiment. According to 
the sixth embodiment described above , similar effects to 
those of the first embodiment are achieved, 
seventh Embodiment 

FIG. 3 0 is a block diagram of a dual system 
according to a seventh embodiment of the present 
invention, and in FIG. 30, substantially like components 
to those in FIG. 14 or 20 are denoted by like reference 
characters . The present embodiment is a combination of 
the third embodiment of FIG. 14 and the fifth embodiment 
of FIG. 20. FIG. 31 is a block diagram of a main memory 
192#i shown in FIG. 30 , and in FIG. 31, substantially 
like components to those in FIG. 15 or 22 are denoted by 
like reference characters. A memory control section 200#i 
is different from the memory control section 130#i or 
162#i shown in FIG. 15 or 22 in that, if a flashback 

59 



completion notification command is inputted to the memory 
control section 200#i, then the memory control section 
200#i writes information representative of completion of 
flashback into the flashback state register 132#i. In the 
following, operation of the system of FIG. 30 is 
described with reference to the drawings. It is assumed 
that a 0-subsystem 190#0 serves as the ACT system and a 
1 -subsystem 190#1 serves as the SBY system, and the watch 

dog timer 94#0 overflows. 

(Bl) The system control section 156#0 operates in a 
similar manner as in (Bl) of the first embodiment. 

(A2) When the interrupt notification line 42 #0 is 
asserted, interruption occurs with the MPU section 121#0, 
and the MPU section 121#0 operates in a similar manner as 
in (A2) of the first embodiment. 

(C) The cache memory control section 152#0 operates 

in a similar manner as in (C) of the first embodiment. 

(D) When the memory control section 200#0 shown in 
FIG. 31 receives a flashback completion notification 
command, then it writes information representative of 
completion of flashback into the flashback state register 
132#i. 

(B2) The system control section 156#0 operates in a 
similar manner as in (B2) of the fifth embodiment. 
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(B3) The system control section 156#1 of the SBY 

system operates in a similar manner as in (B3) of the 
first embodiment. 

(A3) The MPU section 121#1 operates in a similar 
manner as in (A3) of the first embodiment. According to 
the seventh embodiment described above, similar effects 
to those of the first embodiment are achieved, 
Kighth Embodiment 

FIG. 32 is a block diagram of a dual system 
according to an eighth embodiment of the present 
invention, and in FIG. 32, substantially like components 
to those in FIG. 14 or 27 are denoted by like reference 
characters. The present embodiment is a combination of 
the third embodiment of FIG. 14 and the sixth embodiment 
of FIG. 27. FIG. 33 is a block diagram of a main memory 
212#i shown in FIG. 32, and in FIG. 33, substantially 
like components to those in FIG. 15 or 28 are denoted by 

like reference characters. A memory control section 220#i 

is different from the memory control section 130#i or 
180#i shown in FIG. 15 or 28 in that, if a flashback 
completion notification command is inputted to the memory 
control section 220#i, then the memory control section 
220#i writes information representative of completion of 
flashback into the flashback state register 132#i and 
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asserts the flashback state notification line 116#i. In 
the following, operation of the system of FIG. 32 is 
described with reference to the drawings. It is assumed 
that a O-subsystem 210#0 serves as the ACT system and a 
1-subsystem 210#1 serves as the SBY system, and the watch 
dog timer 94#0 overflows. 

(Bl) The system control section 30#0 operates in a 
similar manner as in (Bl) of the first embodiment. 

(A2) When the interrupt notification line 42#0 is 
asserted, interruption occurs with the MPU section 121#0, 

and the MPU section 121#0 operates in a similar manner as 

in (A2) of the first embodiment. 

(C) The cache memory control section 152#0 operates 
in a similar manner as in (C) of the fifth embodiment. 

(D) When the memory control section 220#0 shown in 
FIG. 33 receives a flashback completion notification 
command, it writes information representative of 
completion of flashback into the flashback state register 
132#i and asserts the flashback state notification line 
116#0. 

(B2) The system control section 30#0 operates in a 
similar manner as in (B2) of the fifth embodiment. 

(B3) The system control section 30#1 of the SBY 
system operates in a similar manner as in (B3) of the 
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first embodiment. 

(A3) The MPU section 121#1 operates in a similar 
manner as in (A3) of the third embodiment. According to 
the eighth embodiment described above, similar effects to 
those of the first embodiment are achieved. 
Nin^h embodiment 

FIG. 34 is a block diagram of a dual system 
according to a ninth embodiment of the present invention, 
and in FIG. 34, substantially like components to those in 
FIG. 2 are denoted by like reference characters. An i- 
subsystem 230#i of FIG. 34 is different from the i- 
subsystem 20#i shown in FIG. 2 in that a system control 
section 236#i and the INF section 32#i are not reset over 
a general reset line, but a pair of isolate sections 
232#i and 234#i are provided to compulsorily cancel 
locking of the extension MPU bus 36#i. FIG. 35 is a block 
diagram of the system control section 236#i, and in FIG. 
35 f substantially like components to those in FIG. 5 are 
denoted by like reference characters. A main control 
section 240#i is different from the main control section 
100#i shown in FIG. 5 in that it asserts a pair of 
isolate instruction lines 237#i and 238#i when the watch 
dog timer 94#i overflows. 

FIG. 3 6 is a block diagram of the isolate sections 
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232#i and 234#i shown in FIG. 34. As shown in FIG. 36 f 

each of the isolate sections 232#i and 234#i includes a 

tri-state buffer 242#i and a reception buffer 246#i. The 
tri-state buffer 242 #i is connected on the input side 
thereof to the extension MPU bus 36#i connected to the 
output side of the INF section 32#i or the system control 
section 23 6#i and on the output side thereof to the 
extension MPU bus 3 6#i connected to the cache memory 
control section 24 #i and so forth such that, when the 
isolate instruction line 237#i or 238#i is asserted, the 
output thereof becomes a high impedance state. 
Consequently, even if the INF section 32#i or the system 
control section 23 6#i locks the extension MPU bus 3 6#i, 
since the output of the tri-state buffer 242#i becomes a 
high impedance state when the isolate instruction line 
237#i or 238#i is asserted, the cache memory control 
section 24#i can acquire the right of use of the 
extension MPU bus 36#i, and consequently, the locking of 
the extension MPU bus 3 6#i is cancelled. The reception 
buffer 246#i is a buffer which receives a signal from the 
extension MPU bus 3 6#i connected to the cache memory 
control section 24#i and so forth. Consequently, even i£ 
the output of the tri-state buffer 242#i is in a high 
impedance state, the INF section 32#i and the system 

64 



control section 23 6#i can receive over the extension MPU 
bus 36#i. 

FIG. 37 is a flow chart illustrating operation of 
the system control section 236#i shown in FIG. 34. In the 
following, operation of the system shown in FIG. 34 is 
described with reference to FIG. 37. It is assumed that a 
O-subsystem 230#0 serves as the ACT system and a 1- 
subsystem 2 3 0#1 serves as the SBY system, and the watch 
dog timer 94#0 overflows. 

(Bl) In step S150 in FIG. 37, the main control 
section 240#i checks whether or the watch dog timer 94#i 
overflows. If the watch dog timer 94#i overflows, then 
the processing advances to step S152, but if the watch 
dog timer 94#i does not overflow, then the processing is 

ended. In step S152, the subsystem changeover timer 98#0 

is started. In step S154, the main control section 240#0 
asserts the isolate instruction lines 237#0 and 238#0. 
Consequently, the outputs of the isolate sections 232#0 
and 234#0 change to a high impedance state so that the 
outputs of the INF section 32 #0 and the system control 
section 236#0 are isolated from the extension MPU bus 
36#0. However, the INF section 32#0 and the system 
control section 23 6#0 can receive over the extension MPU 
bus 36#0. In step S156, the main control section 240#0 
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asserts the general reset line 47#0. In step S158, the 
main control section 24 0#0 asserts the partial reset line 
46#0. In step S160, the main control section 240#0 
asserts the interrupt notification line 42#0. 

(A2) When the interrupt notification line 42#0 is 
asserted, interruption occurs with the MPU section 22#0, 
and the MPU section 22#0 operates in a similar manner as 
in (A2) of the first embodiment. 

(C) When a flashback instruction command is 
inputted from the MPU section 22#0 to the cache memory 
control section 24#0, the cache memory control section 
24 #0 compulsorily acquires the access right to the 
extension MPU bus 36#0. From the conditions that the 
cache memory control section 24#0 itself is partially 
reset, that the main memory 2 8#0 is generally reset and 
that the outputs of the INF section 32#0 and the system 
control section 236#0 are isolated from the extension MPU 
bus 3 6#0, the cache memory control section 24#0 can 
acquire the access right to the extension MPU bus 36#0. 
Consequently, even if the extension MPU bus 3 6#0 has been 

locked till then, flashback from the cache memory 2 6#0 to 
the main memory 28# is allowed, 

(D) The main memory 28#0 operates in a similar 
manner as in (D) of the first embodiment. 
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(B2) The system control section 236#0 operates in a 
similar manner as in (B2) of the first embodiment in 
steps S162 to S166 illustrated in FIG. 37. In step S168, 
the main control section 240#0 negates the isolate 

instruction lines 237#0 and 238#0. This is because, after 

the flashback is completed , it is not necessary to 
isolate the INF section 32#0 and the system control 
section 236#0 from the extension MPU bus 36#0 and, in 
later processing, the INF section 32#0 and the system 
control section 236#0 may possibly access the extension 
MPU bus 36#0. 

(B3) The system control section 30#1 of the SBY 
system operates in a similar manner as in (B3) of the 
first embodiment, 

(A3) The MPU section 22#1 operates in a similar 
manner as in (A3) of the first embodiment* According to 
the ninth embodiment described above, similar effects to 
those of the first embodiment are achieved. 
Tenth Embodiment 

FIG. 38 is a block diagram of a dual system 
according to a tenth embodiment of the present invention, 
and in FIG. 38, substantially like components to those in 
FIG. 11 or 3 4 are denoted by like reference characters. 
The present embodiment is a combination of the second 
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embodiment of FIG. 11 and the ninth embodiment of FIG. 34. 
In the following, operation of the system of FIG. 38 is 
described. It is assumed that a O-subsystem 250#0 serves 
as the ACT system and a 1 -subsystem 250#1 serves as the 
SBY system, and the watch dog timer 94#0 overflows. 

(Bl) The system control section 236#0 operates in a 
similar manner as in (Bl) of the ninth embodiment. 

(A2) When the interrupt notification line 42#0 is 
asserted, interruption occurs with the MPU section 22#0, 
and the MPU section 22#0 operates in a similar manner as 

in (A2) of the first embodiment. 

(C) The cache memory control section 24#0 operates 
in a similar manner as in (C) of the first embodiment. 

(D) The main memory 112#0 operates in a similar 
manner as in (D) of the second embodiment. 

(B2) The system control section 236#0 operates in a 
similar manner as in (B2) of the ninth embodiment. 

(B3) The system control section 236#1 of the SBY 

system operates in a similar manner as in (B3) of the 

first embodiment. 

(A3) The MPU section 22#1 operates in a similar 
manner as in (A3) of the first embodiment. According to 

the tenth embodiment described above, similar effects to 
those of the first embodiment are achieved. 
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Eleventh Embodiment 

FIG. 39 is a block diagram of a dual system 
according to an eleventh embodiment of the present 
invention, and in FIG, 39, substantially like components 
to those in FIG. 14 or 34 are denoted by like reference 

characters. The present embodiment is a combination of 
the third embodiment of FIG. 14 and the ninth embodiment 

of FIG. 34. In the following, operation of the system of 
FIG. 39 is described. It is assumed that a O-subsystem 
260#0 serves as the ACT system and a 1-subsystem 260#1 
serves as the SBY system, and the watch dog timer 94 #0 
overflows . 

(Bl) The system control section 236#0 operates in a 
similar manner as in (Bl) of the ninth embodiment. 

(A2) When the interrupt notification line 42#0 is 
asserted, interruption occurs with the MPU section 121#0, 
and the MPU section 121#0 operates in a similar manner as 
in (A2) of the first embodiment. 

(C) The cache memory control section 24 #0 operates 
in a similar manner as in (C) of the first embodiment. 

(D) The main memory 112#0 operates in a similar 
manner as in (D) of the third embodiment. 

(B2) The system control section 236#0 operates in a 

similar manner as in (B2) of the ninth embodiment. 
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(B3) The system control section 236#1 of the SBY 

system operates in a similar manner as in (B3) of the 
first embodiment. 

(A3) The MPU section 121#1 operates in a similar 

manner as in (A3) of the third embodiment. According to 
the eleventh embodiment described above, similar effects 
to those of the first embodiment are achieved. 
Twelfth Embodiment 

FIG. 40 is a block diagram of a dual system 
according to a twelfth embodiment of the present 
invention, and in FIG . 40, substantially like components 
to those in FIG, 17 or 34 are denoted by like reference 
characters. The present embodiment is a combination of 
the fourth embodiment of FIG. 17 and the ninth embodiment 
of FIG * 34. In the following, operation of the system of 
FIG. 4 0 is described. It is assumed that a O-subsystem 
2 7 0#0 serves as the ACT system and a 1 -subsystem 2 7 0#1 
serves as the SBY system, and the watch dog timer 94#0 
overflows • 

(Bl) The system control section 236#0 operates in a 
similar manner as in (Bl) of the ninth embodiment. 

(A2) When the interrupt notification line 42#0 is 

asserted, interruption occurs with the MPU section 121#0, 
and the MPU section 121#0 operates in a similar manner as 
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in (A2) of the first embodiment. 

(C) The cache memory control section 24#0 operates 
in a similar manner as in (C) of the first embodiment. 

(D) The main memory 142 #0 operates in a similar 
manner as in (D) of the fourth embodiment. 

(B2) The system control section 236#0 operates in a 
similar manner as in (B2) of the ninth embodiment. 

(B3) The system control section 236#1 of the SBY 
system operates in a similar manner as in (B3) of the 
first embodiment. 

(A3) The MPU section 121#1 operates in a similar 
manner as in (A3) of the third embodiment. According to 
the twelfth embodiment described above, similar effects 
to those of the first embodiment are achieved. 

Thi rteen th E mbod im e nt 

FIG. 41 is a block diagram of a dual system 
according to a thirteenth embodiment of the present 
invent ion , and in FIG. 41, substantially like components 
to those in FIG. 2 0 or 34 are denoted by like reference 
characters . The present embodiment is a combination of 
the fifth embodiment of FIG. 2 0 and the ninth embodiment 

of FIG. 34 • In the following, operation of the system of 

FIG. 41 is described. It is assumed that a 0-subsystem 
280#0 serves as the ACT system and a 1-subsystem 280#1 
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serves as the SBY system, and the watch dog timer 94#0 
overflows . 

(Bl) A system control section 282#0 operates in a 
similar manner as in (Bl) of the ninth embodiment. 

(A2) When the interrupt notification line 42#0 is 
asserted, interruption occurs with the MPU section 22#0, 
and the MPU section 22#0 operates in a similar manner as 
in (A2) of the first embodiment. 

(C) The cache memory control section 152#0 operates 
in a similar manner as in (C) of the fifth embodiment. 

(D) The main memory 154#0 operates in a similar 
manner as in (D) of the fifth embodiment. 

(B2) The system control section 282#0 operates in a 
similar manner as in (B2) of the fifth embodiment and 
outputs, when it receives a flashback completion 
notification command, an ACT/SBY system changeover signal 
to the system confounding line 52. Then, the system 
control section 282#0 negates the isolate instruction 
lines 237#0 and 238#0 in a similar manner as in (B2) of 
the ninth embodiment. 

(B3) The system control section 282#1 of the SBY 
system operates in a similar manner as in (B3) of the 
first embodiment. 

(A3) The MPU section 22#1 operates in a similar 
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manner as in (A3) of the first embodiment. According to 
the thirteenth embodiment described above, similar 
effects to those of the first embodiment are achieved. 

Fourteenth Embodiment 

FIG, 42 is a block diagram of a dual system 
according to a fourteenth embodiment of the present 
invention, and in FIG. 42, substantially like components 
to those in FIG. 27 or 34 are denoted by like reference 
characters. The present embodiment is a combination of 
the sixth embodiment of FIG. 27 and the ninth embodiment 
of FIG. 34. In the following, operation of the system of 
FIG. 42 is described. It is assumed that a O-subsystem 
290#0 serves as the ACT system and a 1-subsystem 290#1 
serves as the SBY system, and the watch dog timer 94#0 
overflows . 

<B1) A system control section 292#0 operates in a 
similar manner as in (Bl) of the ninth embodiment. 

(A2) When the interrupt notification line 42#0 is 
asserted, interruption occurs with the MPU section 22#0, 
and the MPU section 22#0 operates in a similar manner as 

in (A2) of the first embodiment. 

(C) The cache memory control section 152#0 operates 
in a similar manner as in (C) of the fifth embodiment. 

(D) The main memory 172#0 operates in a similar 
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manner as in (D) of the sixth embodiment. 

(B2) The system control section 292#0 operates in a 
similar manner as in (B2) of the sixth embodiment and 
outputs, when the flashback state notification line 116#0 
is asserted, an ACT/SBY system changeover signal to the 
system confounding line 52. Then, the system control 
section 292#0 negates the isolate instruction lines 237#0 
and 238#0 in a similar manner as in (B2) of the ninth 
embodiment . 

(B3) The system control section 292#1 of the SBY 
system operates in a similar manner as in (B3) of the 
first embodiment. 

(A3) The mpu section 22#1 operates in a similar 

manner as in (A3) of the first embodiment. According to 
the fourteenth embodiment described above, similar 
effects to those of the first embodiment are achieved. 
Fifteenth Embodiment 

FIG. 43 is a block diagram of a dual system 
according to a fifteenth embodiment of the present 
invention, and in FIG. 43, substantially like components 
to those in FIG. 3 0 or 41 are denoted by like reference 
characters. The present embodiment is a combination of 
the seventh embodiment of FIG. 30 and the thirteenth 

embodiment of FIG. 41. 
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In the following, operation of the system of FIG. 
43 is described. It is assumed that a O-subsystem 300#0 
serves as the ACT system and a 1-subsystem 300#1 serves 
as the SBY system, and the watch dog timer 94#0 overflows. 

(Bl) The system control section 282#0 operates in a 
similar manner as in (Bl) of the ninth embodiment. 

(A2) When the interrupt notification line 42#0 is 
asserted, interruption occurs with the MPU section 121#0, 

and the MPU section 121#0 operates in a similar manner as 

in (A2) of the first embodiment. 

(C) The cache memory control section 152#0 operates 
in a similar manner as in (C) of the fifth embodiment. 

(D) The main memory 192#0 operates in a similar 
manner as in (D) of the seventh embodiment. 

(B2) The system control section 282#0 operates in a 
similar manner as in (B2) of the thirteenth embodiment. 

(B3) The system control section 282#1 of the SBY 
system operates in a similar manner as in (B3) of the 

first embodiment. 

(A3) The MPU section 121#1 operates in a similar 
manner as in (A3) of the third embodiment. According to 
the fifteenth embodiment described above, similar effects 
to those of the first embodiment are achieved. 
Sixteenth Embodiment 

75 



FIG. 44 is a block diagram of a dual system 
according to a sixteenth embodiment of the present 
invention, and in FIG. 44, substantially like components 
to those in FIG. 32 or 42 are denoted by like reference 
characters . The present embodiment is a combination of 
the eighth embodiment of FIG. 32 and the fourteenth 
embodiment of FIG. 42. In the following, operation of the 

system of FIG. 44 is described. It is assumed that a 0- 
subsystem 310#0 serves as the ACT system and a 1- 
subsystem 310#1 serves as the SBY system, and the watch 
dog timer 94#0 overflows. 

(Bl) The system control section 292#0 operates in a 
similar manner as in (Bl) of the ninth embodiment. 

(A2) When the interrupt notification line 42#0 is 
asserted, interruption occurs with the MPU section 121#0, 
and the MPU section 121#0 operates in a similar manner as 
in (A2) of the first embodiment. 

(C) The cache memory control section 152#0 operates 
in a similar manner as in (C) of the fifth embodiment. 

(D) The main memory 212#0 operates in a similar 
manner as in (D) of the eighth embodiment. 

(B2) The system control section 292#0 operates in a 
similar manner as in (B2) of the fourteenth embodiment. 

(B3) The system control section 292#1 of the SBY 
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system operates in a similar manner as in (B3) of the 
first embodiment. 

(A3) The MPU section 121#1 operates in a similar 
manner as in (A3) of the third embodiment. According to 
the sixteenth embodiment described above, similar effects 
to those of the first embodiment are achieved. 
Seventeenth Embodiment 

FIG, 45 is a block diagram of a dual system 

according to a seventeenth embodiment of the present 

invention, and in FIG. 45, substantially like components 
to those in FIG. 2 are denoted by like reference 
characters. A cache memory control section 322#i shown in 
FIG. 45 is different from the cache memory control 
section 24#i shown in FIG. 2 in that it uses not the 
extension MPU bus 36#i but a compulsory flashback line 
328#i to perform flashback. The compulsory flashback line 

328#i has no particular restriction only if it can 
transmit data and an address of the data to a main memory 
324#i, and may be either one of a serial interface and a 
parallel interface. FIG. 46 is a block diagram of the 
cache memory control section 322#i shown in FIG. 45 , and 
in FIG. 45, substantially like components to those in FIG - 
3 are denoted by like reference characters. A command 
conversion section 330#i is different from the command 
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conversion section 62#i shown in FIG . 3 in that, when a 
flashback instruction command is inputted from an MPU bus 
interface control section 60#i, the command conversion 
section 33 0#i outputs a write command including data read 
from the cache memory 2 6#i and an address of the data to 
a compulsory flashback line interface control section 
331#i. 

The compulsory flashback line interface control 
section 331#i outputs a write command outputted from the 
command conversion section 330#i in accordance with an 
interface of the compulsory flashback line 328#i. FIG. 47 
is a block diagram of the main memory 324#i shown in FIG. 
45, and in FIG. 45, substantially like components to 
those in FIG. 4 are denoted by like reference characters. 
When data and an address of the data are received from 
the compulsory flashback line 32 8#i, a compulsory 
flashback control section 332 #i writes them into the 
memory section 86#i. In the following, operation of the 
system of FIG. 45 is described. It is assumed that a 0- 
subsystem 320#0 serves as the ACT system and a 1- 
subsystem 320#1 serves as the SBY system, and the watch 
dog timer 94#0 overflows. 

(Bl) A system control section 326#0 starts the 
subsystem changeover timer 98#0 and asserts the interrupt 

78 



notification line 42#0 when the watch dog timer 94#i 
overflows . 

(A2) When the interrupt notification line 42#0 is 
asserted, interruption occurs with the MPU section 22#0 , 
and the MPU section 22#0 operates in a similar manner as 
in (A2) of the first embodiment. 

(C) The command conversion section 33 0#0 shown in 
FIG. 46 operates in a similar manner as in (C) of the 
first embodiment such that it outputs, when data read 
from the cache memory 26#0 and an address read from the 
tag section 7 0#0 are inputted from the cache memory entry 
control section 68#0, a write command including the data 
and the address to the compulsory flashback line 
interface control section 331#0. The compulsory flashback 
line interface control section 331#0 outputs the write 
command including the data and the address in accordance 
with an interface of the compulsory flashback line 32 8#0. 
The command conversion section 330#0 and the cache memory 
entry control section 68#0 perform the processing 
described for all data to be flashed back. The command 
conversion section 33 0#0 asserts the flashback state 
notification line 40#0 when the flashback is completed. 

(D) The compulsory flashback control section 332#0 

shown in FIG. 47 writes, when it receives the data and 
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the address from the compulsory flashback line 328#0, the 
address data into the memory section 86#0. On the other 
hand, when the flashback state notification line 40#0 is 
asserted, the memory control section 84#0 writes 
information representative of completion of flashback 
into the particular address area of the memory section 
86#0. 

(B2) The system control section 326#0 operates in a 

similar manner as in (B2) of the first embodiment. 

(B3) The system control section 326#1 of the SBY 
system operates in a similar manner as in (B3) of the 
first embodiment. 

(A3) The MPU section 22#1 operates in a similar 
manner as in (A3) of the first embodiment. According to 
the seventeenth embodiment described above, similar 
effects to those of the first embodiment are achieved. 

Eighteenth Embodiment 

FIG. 4 8 is a block diagram of a dual system 
according to an eighteenth embodiment of the present 
invention, and in FIG. 48, substantially like components 

to those in FIG. 11 or 45 are denoted by like reference 
characters. The present embodiment is a combination of 
the second embodiment of FIG. 11 and the seventeenth 
embodiment of FIG. 45. FIG. 49 is a block diagram of a 
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main memory 342#i shown in FIG, 49 , and in FIG. 49 , 
substantially like components to those in FIG. 12 or 47 
are denoted by like reference characters. The main memory 
342#i is a combination of the main memory 112#i of FIG. 
12 and the main memory 324#i of FIG. 47. In the following, 
operation of the system of FIG. 4 8 is described. It is 
assumed that a O-subsystem 34 0#0 serves as the ACT system 
and a 1 -subsystem 34 0#1 serves as the SBY system, and the 
watch dog timer 94 #0 overflows. 

(Bl) The system control section 3 26#0 operates in a 
similar manner as in (Bl) of the seventeenth embodiment. 

(A2) When the interrupt notification line 42#0 is 
asserted, interruption occurs with the MPU section 22#0, 
and the MPU section 22#0 operates in a similar manner as 
in (A2) of the first embodiment. 

(C) The cache memory control section 322#0 operates 
in a similar manner as in (C) of the seventeenth 

embodiment, 

(D) The compulsory flashback control section 332#0 

shown in FIG. 49 operates in a similar manner as in (D) 
of the seventeenth embodiment to write flashback data 
into the memory section 86#0. When the flashback state 
notification line 114#0 is asserted, the memory control 
section 12 0#0 writes information representative of 
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completion of flashback into the particular address area 
of the memory section 86#0 and asserts the flashback 
state notification line 116#0 in a similar manner as in 
(D) of the second embodiment. 

(B2) The system control section 326#0 operates in a 
similar manner as in (B2) of the first embodiment. 

(B3) The system control section 326#1 of the SBY 
system operates in a similar manner as in (B3) of the 
first embodiment. 

(A3) The MPU section 22#1 operates in a similar 
manner as in (A3) of the first embodiment. According to 
the eighteenth embodiment described above, similar 
effects to those of the first embodiment are achieved. 
Nineteenth Embodiment 

PIG. 50 is a block diagram of a dual system 

according to a nineteenth embodiment of the present 
invention, and in FIG. 50, substantially like components 
to those in FIG. 14 or 45 are denoted by like reference 
characters. The present embodiment is a combination of 
the third embodiment of FIG. 14 and the seventeenth 
embodiment of FIG. 45. FIG. 51 is a block diagram of a 
main memory 352 #i shown in FIG. 50, and in FIG. 51, 
substantially like components to those in FIG. 15 or 47 
are denoted by like reference characters. The main memory 
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352#i of FIG. 51 is a combination of the main memory 
122#i of FIG. 15 and the main memory 324#i of FIG. 47. In 
the following, operation of the system of FIG. 50 is 
described. It is assumed that a 0-subsystem 350#0 serves 
as the ACT system and a 1 -subsystem 350#1 serves as the 
SBY system, and the watch dog timer 94#0 overflows. 

(Bl) The system control section 326#0 operates in a 
similar manner as in (Bl) of the seventeenth embodiment. 

(A2) When the interrupt notification line 42#0 is 
asserted, interruption occurs with the MPU section 121#0, 
and the MPU section 121#0 operates in a similar manner as 

in (A2) of the first embodiment. 

(C) The cache memory control section 322#0 operates 
in a similar manner as in (C) of the seventeenth 
embodiment . 

(D) The compulsory flashback control section 332#i 
shown in FIG. 51 operates in a similar manner as in <D) 
of the seventeenth embodiment to write flashback data 
into the memory section 86#0. When the flashback state 
notification line 40#i is asserted, the memory control 
section 130#0 writes information representative of 
completion of flashback into the flashback state register 
132#0. 

(B2) The system control section 326#0 operates in a 
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similar manner as in (B2) of the seventeenth embodiment, 

(B3) The system control section 326#1 of the SBY 
system operates in a similar manner as in (B3) of the 
first embodiment. 

(A3) The MPU section 121#1 operates in a similar 
manner as in (A3) of the third embodiment. According to 
the nineteenth embodiment described above, similar 
effects to those of the first embodiment are achieved. 
Twentieth E mbodiment 

FIG. 52 is a block diagram of a dual system 
according to a twentieth embodiment of the present 
invention, and in FIG. 52, substantially like components 
to those in FIG. 17 or 45 are denoted by like reference 
characters. The present embodiment is a combination of 
the fourth embodiment of FIG. 17 and the seventeenth 
embodiment of FIG. 45. FIG. 53 is a block diagram of a 

main memory 362 ti shown in FIG. 52, and in FIG. 53, 

substantially like components to those in FIG. 18 or 47 
are denoted by like reference characters. The main memory 
362#i in FIG. 53 is a combination of the main memory 
142#i of FIG. 18 and the main memory 324#i of FIG. 47. In 
the following, operation of the system of FIG. 52 is 
described. It is assumed that a O-subsystem 360#0 serves 
as the ACT system and a 1-subsystem 360#1 serves as the 
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SBY system, and the watch dog timer 94#0 overflows. 

(Bl) The system control section 326#0 operates in a 
similar manner as in (Bl) of the seventeenth embodiment. 

(A2) When the interrupt notification line 42#0 is 
asserted, interruption occurs with the MPU section 121*0, 
and the MPU section 121#0 operates in a similar manner as 
in (A2) of the first embodiment. 

(C) The cache memory control section 322 #0 operates 

in a similar manner as in (C) of the seventeenth 
embodiment . 

(D) The compulsory flashback control section 332#i 
shown in FIG. 53 operates in a similar manner as in (D) 
of the seventeenth embodiment to write flashback data 
into the memory section 86#0. The memory control section 
14 4 #0 operates in a similar manner as in (D) of the 
fourth embodiment such that, when the flashback state 
notification line 114#i is asserted, it writes 
information representative of completion of flashback 
into the flashback state register 132#0 and asserts the 
flashback state notification line 116#0. 

(B2) The system control section 326#0 operates in a 
similar manner as in (B2) of the seventeenth embodiment. 

(B3) The system control section 326#1 of the SBY 
system operates in a similar manner as in (B3) of the 
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first embodiment. 

(A3) The MPU section 121#1 operates in a similar 
manner as in (A3) of the third embodiment. According to 

the twentieth embodiment described above, similar effects 
to those of the first embodiment are achieved. 
Twenty-first Embodiment 

FIG. 54 is a block diagram of a dual system 
according to a twenty-first embodiment of the present 
invention, and in FIG. 54, substantially like components 
to those in FIG. 20 or 45 are denoted by like reference 
characters. The present embodiment is a combination of 
the fifth embodiment of FIG. 20 and the seventeenth 
embodiment of FIG. 45. FIG. 55 is a block diagram of a 
main memory 374#i shown in FIG. 54, and in FIG. 55, 
substantially like components to those in FIG. 22 or 47 

are denoted by like reference characters. The main memory 
374#i of FIG. 55 is a combination of the main memory 
154#i of FIG. 22 and the main memory 324#i of FIG. 47. In 
the following, operation of the system of FIG. 54 is 
described. It is assumed that a O-subsystem 370#0 serves 
as the ACT system and a 1-subsystem 370#1 serves as the 
SBY system, and the watch dog timer 94#0 overflows. 

(Bl) A system control section 376#0 operates in a 
similar manner as in (Bl) of the seventeenth embodiment. 
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(A2) When the interrupt notification line 42#0 is 
asserted, interruption occurs with the MPU section 22#0, 
and the MPU section 22#0 operates in a similar manner as 
in (A2) of the first embodiment. 

(C) A cache memory control section 3 72#0 operates 
in a similar manner as in (C) of the seventeenth 
embodiment to perform flashback. After the flashback is 
completed, the cache memory control section 3 72#0 
operates in a similar manner as in (C) of the fifth 
embodiment such that it outputs a flashback completion 
notification command to the extension MPU bus 36#0. 

(D) The compulsory flashback control section 332#0 
shown in FIG. 55 operates in a similar manner as in (D) 
of the seventeenth embodiment to write flashback data 
into the memory section 86#0. When the memory control 
section 162#0 receives the flashback completion 

notification command/ it writes information 

representative of completion of flashback into the 
particular address area of the memory section 86#0 in a 
similar manner as in (D) of the fifth embodiment. 

(B2) The system control section 376#0 operates in 
similar manner as in (B2) of the fifth embodiment. 

(B3) The system control section 376#1 of the SBY 
system operates in a similar manner as in (B3) of the 
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first embodiment. 

(A3) The MPU section 22#1 operates in a similar 
manner as in (A3) of the third embodiment. According to 
the twenty-first embodiment described above, similar 
effects to those of the first embodiment are achieved. 

Twenty-second Embodiment 

FIG. 56 is a block diagram of a dual system 
according to a twenty-second embodiment of the present 
invention, and in FIG. 56, substantially like components 

to those in PIG. 27 or 45 are denoted by like reference 
characters. The present embodiment is a combination of 
the sixth embodiment of FIG. 27 and the seventeenth 
embodiment of FIG. 45. FIG. 57 is a block diagram of a 
main memory 392#i shown in FIG. 56, and in FIG. 57, 
substantially like components to those in FIG. 28 or 47 
are denoted by like reference characters. The main memory 
392#i of FIG. 57 is a combination of the main memory 
172#i of FIG. 28 and the main memory 324#i of FIG. 47. In 
the following, operation of the system of FIG. 56 is 
described. It is assumed that a O-subsystem 390#0 serves 

as the ACT system and a 1-subsystem 390#1 serves as the 
SBY system, the watch dog timer 94#0 overflows. 

(Bl) A system control section 394#0 operates in a 
similar manner as in (Bl) of the seventeenth embodiment. 
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(A2) When the interrupt notification line 42#0 is 
asserted, interruption occurs with the MPU section 22#0, 

and the MPU section 22#0 operates in a similar manner as 

in (A2) of the first embodiment. 

(C) The cache memory control section 372#0 operates 
in a similar manner as in (C) of the twenty-first 
embodiment . 

(D) The compulsory flashback control section 332#0 
shown in FIG. 57 operates in a similar manner as in (D) 
of the seventeenth embodiment to write flashback data 
into the memory section 86#0. When the memory control 

section 180#i receives a flashback completion 

notification command, it writes information 
representative of completion of flashback into the 
particular address area of the memory section 86#0 and 
asserts the flashback state notification line 116#0 in a 
similar manner as in (D) of the sixth embodiment. 

(B2) The system control section 394#0 operates in a 
similar manner as in (B2) of the seventeenth embodiment. 

(B3) The system control section 394#1 of the SBY 
system operates in a similar manner as in (B3) of the 
first embodiment. 

(A3) The MPU section 22#1 operates in a similar 
manner as in (A3) of the first embodiment. According to 
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the twenty-second embodiment described above, similar 
effects to those of the first embodiment are achieved. 
Twenty-third Embodiment 

FIG. 58 is a block diagram of a dual system 
according to a twenty-third embodiment of the present 
invention, and in FIG. 58, substantially like components 
to those in FIG. 3 0 or 45 are denoted by like reference 
characters. The present embodiment is a combination of 
the seventh embodiment of FIG. 30 and the seventeenth 
embodiment of FIG. 45. In the following, operation of the 
system of FIG. 5 8 is described. It is assumed that a 0- 
subsystem 380#0 serves as the ACT system and a 1- 

subsystem 380#1 serves as the SBY system, and the watch 

dog timer 94#0 overflows. 

(Bl) The system control section 376#0 operates in a 
similar manner as in (Bl) of the seventeenth embodiment. 

(A2) When the interrupt notification line 42#0 is 
asserted, interruption occurs with the MPU section 121#0, 
and the MPU section 121#0 operates in a similar manner as 
in (A2) of the first embodiment. 

(C) The cache memory control section 372#0 operates 

in a similar manner as in (C) of the twenty-first 
embodiment. 

(D) A main memory 382#0 operates in a similar 
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manner as in (D) of the seventeenth embodiment such that 

it writes flashback data into the memory section 86#0. 

When the main memory 382#0 receives a flashback 
completion notification command, it writes information 
representative of completion of flashback into the 

flashback state register 132#0 in a similar manner as in 

(D) of the seventh embodiment. 

(B2) The system control section 376#0 operates in a 
similar manner as in (B2) of the fifth embodiment. 

(B3) The system control section 376#1 of the SBY 
system operates in a similar manner as in (B3) of the 
first embodiment. 

(A3) The MPU section 121#1 operates in a similar 
manner as in (A3) of the third embodiment. According to 
the twenty-third embodiment described above, similar 
effects to those of the first embodiment are achieved. 
Twenty- fourt h Embodiment 

FIG. 59 is a block diagram of a dual system 
according to a twenty- fourth embodiment of the present 
invention, and in FIG. 59 f substantially like components 
to those in FIG. 32 or 45 are denoted by like reference 
characters. The present embodiment is a combination of 
the eighth embodiment of FIG. 32 and the seventeenth 
embodiment of FIG. 45. In the following, operation of the 
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system of FIG. 59 is described. It is assumed that a 0- 
subsystem 4 00#0 serves as the ACT system and a 1- 

subsystem 400#1 serves as the SBY system, and the watch 

dog timer 94#0 overflows. 

(Bl) The system control section 394#0 operates in a 
similar manner as in (Bl) of the seventeenth embodiment. 

(A2) When the interrupt notification line 42#0 is 
asserted, interruption occurs with the MPU section 121#0, 
and the MPU section 121#0 operates in a similar manner as 
in (A2) of the first embodiment. 

(C) The cache memory control section 3 72#0 operates 
in a similar manner as in (C) of the twenty-first 
embodiment . 

(D) A main memory 402 #0 operates in a similar 
manner as in (D) of the seventeenth embodiment to write 
flashback data into the memory section 86#0. When the 
main memory 4 02#0 receives a flashback completion 
notification command, it writes information 
representative of completion of flashback into the 
flashback state register 132#0 and asserts the flashback 
state notification line 116#0 in a similar manner as in 
(D) of the eighth embodiment. 

(B2) The system control section 394#0 operates in a 
similar manner as in (B2) of the seventeenth embodiment. 



(B3) The system control section 394#1 of the SBY 
system operates in a similar manner as in (B3) of the 
first embodiment. 

(A3) The MPU section 121#1 operates in a similar 

manner as in (A3) of the first embodiment* According to 
the twenty- fourth embodiment described above, similar 
effects to those of the first embodiment are achieved. 
Twenty- fifth Embodiment 

FIG. 60 is a block diagram of a dual system 
according to a twenty-fifth embodiment of the present 

invention, and in FIG. 60, substantially like components 
to those in FIG. 32 or 45 are denoted by like reference 
characters. The present embodiment is a combination of 
the eighth embodiment of FIG. 32 and the seventeenth 
embodiment of FIG. 45. A cache memory control section 
412#i is different from the cache memory control section 
322#i shown in FIG. 46 in that, when flashback is 
completed, the cache memory control section 412#i outputs 
a flashback completion notification command to the 
compulsory flashback line 328#i. FIG. 61 is a block 
diagram of a main memory 414#i shown in FIG. 60, and in 
FIG. 61, substantially like components to those in FIG. 
47 are denoted by like reference characters. A compulsory 
flashback control section 416#i is different from the 
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compulsory flashback control section 332#i shown in FIG. 
47 in that it notifies a memory control section 418#i of 
completion of flashback when it receives a flashback 
completion notification command from the compulsory 
flashback line 328#i. 

The memory control section 418# is different from 
the memory control section 84#i shown in FIG, 47 in that, 
when it receives a flashback completion notification from 
the compulsory flashback control section 416#i, it writes 
information representative of completion of flashback 
into the particular address area of the memory section 
86#i and asserts the flashback state notification line 
116#i. In the following, operation of the system of FIG, 
60 is described. It is assumed that a 0-subsystem 410#0 
serves as the ACT system and a 1-subsystem 410#1 serves 
as the SBY system, and the watch dog timer 94#0 overflows, 

(Bl) The system control section 326#0 operates in a 
similar manner as in (Bl) of the seventeenth embodiment, 

(A2) When the interrupt notification line 42#0 is 
asserted, interruption occurs with the MPU section 22#0, 
and the MPU section 22#0 operates in a similar manner as 
in (A2) of the first embodiment, 

(C) The cache memory control section 412#0 operates 
in a similar manner as in (C) of the seventeenth 
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embodiment to perform flashback* After the flashback is 
completed, the cache memory control section 412#0 outputs 

a flashback completion notification command to the 

compulsory flashback line 328#0. 

(D) The compulsory flashback control section 416#0 
in the main memory 414#0 operates in a similar manner as 

in (D) of the seventeenth embodiment to write flashback 

data into the memory section 86#0. When the compulsory 
flashback control section 416#i receives the flashback 
completion notification command from the compulsory 
flashback line 32 8#i, it notifies the memory control 
section 418#i of completion of flashback. The memory 
control section 418#0 writes information representative 
of completion of flashback into the particular address 
area of the memory section 86#0 and asserts the flashback 
state notification line 116#i when it receives the 
flashback completion notification from the compulsory 
flashback control section 416#i. 

(B2) The system control section 326#0 operates in a 
similar manner as in (B2) of the seventeenth embodiment. 

(B3) The system control section 326#1 of the SBY 
system operates in a similar manner as in (B3) of the 
first embodiment . 

(A3) The MPU section 22#1 operates in a similar 
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manner as in (A3) of the first embodiment. According to 

the twenty-fifth embodiment described above, similar 

effects to those of the first embodiment are achieved. 

Twenty-sixth Embodiment 

FIG* 62 is a block diagram of a dual system 
according to a twenty- sixth embodiment of the present 
invention , and in FIG, 62, substantially like components 
to those in FIG. 60 are denoted by like reference 
characters. The present embodiment is a combination of 
the fourth embodiment of FIG. 17 and the twenty-fifth 
embodiment of FIG. 60. FIG. 63 is a block diagram of a 
main memory 43 2#i shown in FIG. 62, and in FIG. 63, 
substantially like components to those in FIG. 18 or 61 
are denoted by like reference characters. The main memory 
432#i is a combination of the main memory 142#i of FIG. 
18 and the main memory 414#i of FIG. 61. In the following, 
operation of the system of FIG. 62 is described. It is 
assumed that a 0-subsystem 43 0#0 serves as the ACT system 
and a 1-subsystem 43 0#1 serves as the SBY system, and the 
watch dog timer 94#0. 

(Bl) The system control section 326#0 operates in a 
similar manner as in (Bl) of the seventeenth embodiment. 

(A2) When the interrupt notification line 42#0 is 
asserted, interruption occurs with the MPU section 121#0, 
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and the MPU section 121#0 operates in a similar manner as 
in (A2) of the first embodiment. 

(C) The cache memory control section 412#0 operates 
in a similar manner as in (C) of the twenty-fifth 
embodiment • 

(D) The compulsory flashback control section 416#0 
operates in a similar manner as in (D) of the twenty- 
fifth embodiment. When a memory control section 434#0 
receives a flashback completion notification from the 
compulsory flashback control section 416#0, it writes 
information representative of completion of flashback 
into the flashback state register 132#0 and asserts the 
flashback state notification line 116#0. 

(B2) The system control section 326#0 operates in a 
similar manner as in (B2) of the seventeenth embodiment. 

(B3) The system control section 326#1 of the SBY 
system operates in a similar manner as in (B3) of the 
first embodiment. 

(A3) The MPU section 121#1 operates in a similar 
manner as in (A3) of the third embodiment. According to 
the twenty-sixth embodiment described above, similar 
effects to those of the first embodiment are achieved. As 

described above, according to the present invention, 

since writing back into a main memory from a cache memory 
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is performed with a higher degree of certainty and taking 
over of complete information can be performed and 
services are continued after changeover between systems, 
augmentation in service can be anticipated. 

The present invention is not limited to the details 
of the above described preferred embodiments. The scope 
of the invention is defined by the appended claims and 
all changes and modifications as fall within the 
equivalence of the scope of claims are therefore to be 
embraced by the invention* 
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WHAT IS CLAIMED ISi 

1. A cache system, comprising: 
a first bus; 
a second bus; 

a main memory having a memory section for storing 
data, said main memory being operable to write data 
inputted from said first bus into said memory section and 
output data read from said memory section to said first 
bus; 

a cache memory; 

instruction means for outputting to said second bus 
a command for instruction to write back data of said 
cache memory into said main memory; and 

a cache memory control section including a 
directory section for storing information regarding an 
address of said main memory of data stored in said cache 
memory and a reset terminal to which a first reset signal 
is inputted such that, when the first reset signal is 
asserted, at least an element of said cache memory 
control section which takes part in control of said first 
bus except said directory section is reset, said cache 
memory control section performing reading and writing of 
data between said main memory and said cache memory over 
said first bus, said cache memory control section 

99 



performing write back processing of the data of said 
cache memory into said main memory in accordance with the 
command inputted over said second bus. 
2. A cache system, comprising: 

a first bus; 

a second bus; 

a third bus; 

a main memory having a memory section for storing 
data, said main memory being operable to write data 
inputted from said first bus into said memory section and 
output data read from said memory section to said first 
bus ; 

a cache memory; 

instruction means for outputting to said second bus 
a command for instruction to write back data of said 
cache memory into said main memory; 

a cache memory control section for performing 

reading and writing of data between said main memory and 
said cache memory over said first bus and performing 
write back processing of the data of said cache memory 
into said main memory in accordance with the command 
inputted over said second bus; 

an interface section for interfacing between said 
first bus and said third bus; and 
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an isolate section interposed between an output 
side of said interface section and said first bus for 
isolating said output side of said interface section and 
said first bus from each other when a control signal 
inputted to a control terminal becomes valid. 
3. A cache system, comprising: 

a first bus; 
a second bus; 

a signal line different from said first bus; 

a main memory having a memory section for storing 
data, said main memory being operable to write data 
inputted from said first bus into said memory section, 
output data read from said memory section to said first 
bus, and receive data and an address from said signal 
line and write the data and the address into said memory 
section; 

a cache memory; 

instruction means for outputting to said second bus 
a command for instruction to write back data of said 
cache memory into said main memory; and 

a cache memory control section for performing 
reading and writing of data between said main memory and 
said cache memory over said first bus and outputting data 
and an address of said cache memory to said signal line 
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in accordance with the command inputted over said second 
bus thereby to perform write back processing into said 
main memory. 

4. A dual system which comprises a first system and a 
second system one of which is operated in an act state 
while the other is operated in a standby state, and a 
memory confounding line and a system confounding line for 
interconnecting said first system and said second system, 
each of said first system and said second system 
including: 

a first bus; 

a second bus ; 

a main memory having a memory section for storing 
data, said main memory being operable to write data 
inputted from said first bus into said memory section, 
output data read from said memory section to said first 
bus, and receive data of the other system which is in the 
act state over said memory confounding line and write the 
data into said memory section; 

a cache memory; 

instruction means for outputting to said second bus 
a first command for instruction to write back data of 
said cache memory into said main memory; and 

a cache memory control section including a 
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directory section for storing information regarding an 
address of said main memory of data stored in said cache 
memory and a first reset terminal to which a first reset 
signal is inputted such that, when the first reset signal 
is asserted, at least an element of said cache memory 
control section which takes part in control of said first 
bus except said directory section is reset, said cache 
memory control section performing reading and writing of 
data between said main memory and said cache memory over 
said first bus, said cache memory control section 
performing write back processing of the data of said 
cache memory into said main memory in accordance with the 
first command inputted over said second bus. 

5. A dual system according to claim 4, wherein each 
of said first system and said second system further 
includes a system control section for controlling state 
changeover between the act state and the standby state 
over said system confounding line, and said system 
control section controls so that the first command is 
outputted after the first reset signal is asserted upon 
state changeover from the act state to the standby state. 

6. A dual system according to claim 5, wherein an 
element of said cache memory control section which takes 
part in control of said second bus is reset in response 
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to the first reset signal. 

7. A dual system according to claim 5, wherein said 
main memory includes a second reset terminal to which a 
second reset signal is inputted such that, when the 
second reset signal is asserted, at least an element of 
said main memory which takes part in control of said 
first bus is reset, and said cache memory control section 
controls such that the first command is outputted after 
the second reset signal is asserted upon state changeover 
from the act state to the standby state. 

8. A dual system which comprises a first system and a 
second system one of which is operated in an act state 
while the other is operated in a standby state, and a 
memory confounding line and a system confounding line for 
interconnecting said first system and said second system, 
each of said first system and said second system 
including: 

a first bus; 
a second bus; 
a third bus ; 

a main memory having a memory section for storing 
data, said main memory being operable to write data 

inputted from said first bus into said memory section, 

output data read from said memory section to said first 
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bus, and receive data of the other system which is in the 
act state over said memory confounding line and write the 
data into said memory section; 
a cache memory; 

instruction means for outputting to said second bus 
a first command for instruction to write back data of 
said cache memory into said main memory; 

a cache memory control section for performing 
reading and writing of data between said main memory and 
said cache memory over said first bus and performing 
write back processing of the data of said cache memory 
into said main memory in accordance with the first 
command inputted over said second bus; 

an interface section for interfacing between said 
first bus and said third bus; and 

a first isolate section interposed between an 
output side of said interface section and said first bus 
for isolating said output side of said interface section 
and said first bus from each other when a first control 
signal inputted to a first control terminal becomes valid. 

9. A dual system according to claim 8, wherein each 
of said first system and said second system further 
includes a system control section for controlling state 
changeover between the act state and the standby state 
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over said system confounding line, and said system 
control section controls so that the first command is 
outputted after the first control signal becomes valid 
upon state changeover from the act state to the standby 
state, 

10 • A dual system according to claim 9, wherein each 
of said first system and said second system further 
includes a second isolate section interposed between an 
output side of said system control section and said first 
bus for isolating said output side of said system control 
section and said first bus when a second control signal 
inputted to a second control terminal becomes valid, and 
said system control section controls so that the first 
command is outputted after the first and second control 
signals become valid upon state changeover from the act 
state to the standby state* 

11. A dual system which comprises a first system and 

a second system one of which is operated in an act state 
while the other is operated in a standby state, and a 
memory confounding line and a system confounding line for 
interconnecting said first system and said second system, 
each of said first system and said second system 
including: 

a first bus; 
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a second bus; 

a first signal line; 

a main memory having a memory section for storing 
data, said main memory being operable to write data 
inputted from said first bus into said memory section , 
output data read from said memory section to said first 
bus, receive data and an address from said first signal 
line and write the data and the address into said memory 
section, and receive data of the other system which is in 
the act state from said memory confounding line and write 
the data into said memory section; 

a cache memory; 

instruction means for outputting to said second bus 
a first command for instruction to write back data of 
said cache memory into said main memory; and 

a cache memory control section for performing 
reading and writing of data between said main memory and 
said cache memory over said first bus and outputting data 
and an address of said cache memory to said first signal 
line in accordance with the first command inputted over 
said second bus thereby to perform write back processing 
into said main memory. 

12. A dual system according to claim 11, wherein each 
of said first system and said second system further 
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includes a system control section for controlling state 
changeover between the act state and the standby state 
over said system confounding line, and said system 
control section controls so that the first command is 
outputted upon state changeover from the act state to the 
standby state. 

13. A dual system according to claim 12, wherein each 
of said first system and said second system further 
includes a second signal line for interconnecting said 
main memory and said system control section, said cache 
memory control section notifying completion of the write 
back processing using said first signal line when the 
write back processing is completed, said main memory 
asserting said second signal line when the notification 
is received over said first signal line, said system 
control section which is in the system in the act state 
instructing the other system to change over the state 
from the standby state to the act state over said system 
confounding line when said second signal line is asserted, 

14. A dual system according to claim 13, wherein, 
when the notification is received over said first signal 
line, said main memory writes information representative 
of completion of the write back processing into a 
particular address area of said memory section. 
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15. A dual system according to claim 13, wherein said 
main memory includes a register and writes, when the 
notification is received over said first signal line, 
information representative of completion of the write 
back processing into said register* 

16. A dual system according to claim 5, wherein each 
of said first system and said second system further 
includes a first signal line for interconnecting said 
cache memory control section and said system control 
section, said cache memory control section which is in 
the system in the act state asserting said first signal 
line when the write back processing is completed, said 
system control section which is in the system in the act 
state instructing the other system to change over the 
state from the standby state to the act state over said 
system confounding line when said first signal line is 
asserted. 

17. A dual system according to claim 16, wherein, 
when said first signal line is asserted, said main memory 
writes information representative of completion of the 
write back processing into a particular address area of 
said memory section. 

18. A dual system according to claim 16, wherein said 
main memory includes a register and writes, when said 
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first signal line is asserted, information representative 
of completion of the write back processing into said 
register • 

19. A dual system according to claim 9, wherein said 
system control section includes a first timer for being 
periodically reset by said instruction means and 
outputting a first timeout signal when said first timer 
measures a first predetermined time and a second timer 

for measuring a second predetermined time which is not 
shorter than a time required until said cache memory 
control section ends the write back processing after the 
first timeout signal is outputted, and said system 
control section performs the interrupt notification based 
on the first timeout signal and instructs, when said 
first signal line is not asserted, the other system to 
change over the state from the standby state to the act 
state over said system confounding line based on the 
second timeout signal. 

20. A dual system according to claim 14, wherein one 
of said first and second systems whose state has been 
changed over from the standby state to the act state 
reads the information from the particular address area 
and executes, when the information indicates completion 
of the write back processing, based on the data stored in 
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said main memory, but loads, when the information does 
not indicate completion of the write back processing, a 
program into said memory and then executes the program. 

21. A dual system according to claim 15, wherein one 
of said first and second systems whose state has been 
changed over from the standby state to the act state 
reads the information from said register of the other 
system and executes, when the information indicates 
completion of the write back processing, based on the 
data stored in said main memory, but loads, when the 
information does not indicate completion of the write 
back processing, a program into said memory and then 
executes the program. 

22. A dual system according to claim 9, wherein each 
of said first system and said second system further 
includes a first signal line for interconnecting said 
cache memory control section and said main memory and a 
second signal line for interconnecting said main memory 
and said system control section, said cache memory 
control section which is in the system in the act state 
asserting said first signal line when the write back 
processing is completed, said main memory which is in the 
system in the active state asserting said second signal 
line when said first signal line is asserted, said system 
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control section which is in the system in the act state 
instructing the other system to change over the state 
from the standby state to the act state over said system 

confounding line when said second signal line is asserted. 

23. A dual system according to claim 12, wherein said 

cache memory control section which is in the system in 
the act state outputs, when the write back processing is 
completed, a second command representative of completion 
of the write back processing to said first bus, and said 
system control section which is in the system in the act 
state instructs the other system to change over the state 
from the standby state to the act state over said system 
confounding line based on the second commando 

24. A dual system according to claim 5, wherein each 
of said first system and said second system further 
includes a first signal line for interconnecting said 
main memory and said system control section, said cache 
memory control section which is in the system in the act 
state outputting a second command representative of 
completion of the write back processing to said first bus 
when the write back processing is completed, said main 
memory which is in the system in the act state asserting 
said first signal line based on the second command, said 
system control section which is in the system in the act 
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state instructing the other system to change over the 
state from the standby state to the act state over said 
system confounding line when said first signal line is 
asserted. 

25 • A dual system according to claim 12 , wherein each 
of said first system and said second system further 
includes a second signal line for interconnecting said 
main memory and said system control section, said cache 
memory control section which is in the system in the act 
state outputting a second command representative of 
completion of the write back processing to said first bus 
when the write back processing is completed, said main 
memory which is in the system in the act state asserting 

said second signal line based on the second command, said 
system control section which is in the system in the act 
state instructing the other system to change over the 
state from the standby state to the act state over said 
system confounding line when said second signal line is 

asserted. 
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ABSTRACT OF THE DISCLOSURE 

A dual system includes a O-subsystem and a 1- 
subsystem, each of which in turn includes a first bus, a 
second bus, a main memory having a memory section reading 

from and writing into which is performed over the first 

bus, a cache memory, a processor for outputting a first 
command for instruction to write back data of the cache 
memory into the main memory, a cache memory control 
section having a first reset terminal, through which an 
element thereof takes part in control of the first bus, 
for performing write back processing of data of the cache 
memory into the main memory based on the first command, 
and a system control section for controlling system 
changeover between an act system and a standby system 
over the system confounding line. 
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Declaration and Power of Attorney For Patent Application 






Japanese Language Declaration 




Iff 




As a below nam-d inventor, 1 hereby dec la; ♦hat: 




My residence, post office address and citizenship are as stated 
next to my name. 




1 believe 1 am the original, first and sole inventor (if only one name 
is listed be(ow) or an original, first and joint inventor (if plural 
names are listed below) of the subject matter which is claimed and 
for which a patent is sought on the invention entitled 

CACHE SYSTEM WHICH PERFORMS CACHE 


flash UPON EMERGENCY AND DUAL SYSTEM 




the specification of which is attached hereto uniess the following 
box is checked: 




□ was filed on 

as United States Application Number or 

PCT International Application Number 

and was amended on 
(if applicable*. 




1 hereby state that 1 have reviewed and understand the contents of 
the above identified specification, including the claims, as 

amended by any amendment referred to above. 




I acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56. 
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Japanese Language Declaration 
(B#MM) 



*M±. ;fcWa=0*S5 3 5*51 1 9 3? (a)-(d) XrtXJi3 6 5^ 
ifeLT^SWSTIfi^fi 3 6 5 (a)«lc»i*<[sj|Effl«* X 

Tic. ^Ltv^t. 



Prior Foreign Application(s) 

11-270363 
(Number) 



Japan 



(Country) 



I hereby claim foreign priority under Title 35, United States Code, 
Section 119 (a)-{d) or 365(b) of any foreign applications) for patent 
or inventor's certificate, or 365(a) of any PCT International 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 

Priority Not Claimed 

24 September 19 99 

(Day/Month/Year Filed) ° 



(Number) . (Country) 

ft. t. * 3 5 1 1 9 * (e) SlCi^rra)^ 



(Day/Month/Year Filed) 
I hereby claim the benefit under Title 35. United States Code, 

Section 113(c) of any United States provisional application(s) listed 

below. 



{Application No.) (Filing Date) 

(Hi***) (tHttP) 

tt;fj&ft3 6 5 *(c) tfii*<f*fiJ^iCk:±«L4+. * 
fc. *rK«S»«li^aSS(ni^$^IS£M3 5«112^ 

iff i «x*itf«wjj*»-caue $ *ufc*isfe-c?ftfTi--5 



(Application No.) (Filing Date) 

I hereby claim the benefit under Title 35, United States Code, 
Section 120 of any United States applications), or 365(c) of any 
PCT International application designating the United States, listed 
below and, insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first 
paragraph of Title 35, United States Code Section 112, I 
acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56 which became available between the filing date of the 
prior application and the national or PCT Internationa! fifing date of 
application. 



(Application No.) 



(Application No.) 



(Filing Date) 
(SUMP) 

(Filing Date) 



(Status: Patented, Pending, Abandoned) 
{Status: Patented, Pending, Abandoned) 



I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 or the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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Japanese Language Declaration [ 



POWER OF ATTORNEY: As a named inventor, I hereby appoint 

the following attorney(s) and/or agent(s) to prosecute this 
application and transact all business in the Patent and Trademark 
Office connected therewith (list name and registration number) 



Aarcn B. KARAS, fteg. No. 18,923; Samscn HELR3OTT, 

Reg, Jto. 23,072 and lamed OOQEER Reg. ffo.27,625 

Send Correspondence to: 

HELfQOTT & KARAS, P.C- 
Btpire State Building, 60th Floor 
Nsw ¥ctic New Yodc 10118 
Lhited States of Arerica 



Direct Telephone Calls to: {name and telephone number) 

Helfgott & Karas, P.C. 
(212) 6CG-5000 







Full name of sole or first inventor 

Masao Asai 






Inventor's signature Date 

M a sac AsaL May 25, 2000 






Residence 

Kawasaki-shi , Japan 


Mil 




Citizenship 
Japanese 






Post Office Address 
C/O FUJITSU LIMITED, 1-1, K^mikodanaka 


4-chome, Nakahara-ku , Kawasaki-shi, 
Kanagawa 211-8588 Japan 






Full name of second joint inventor, if any 






Second inventor's signature Date 






Residence 






Citizenship 






Post Office Address 





(Supply similar information and signature for third and subsequent 
joint inventors,} 
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THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re the Application of: Masao ASAI 



Filed: 



Concurrently herewith 



For 



: CACHE SYSTEM WHICH PERFORMS CACHE FLASH UPON 
EMERGENCY AND DUAL SYSTEM 



Serial No.: Concurrently herewith 



June 7, 2000 



Assistant Commissioner of Patents 



Washington, D.C. 20231 



SUB-POWER OF ATTORNEY 



SIR: 



I, Samson Helfgott, Reg. No. 23,072 attorney of record 
herein, do hereby grant a sub-power of attorney to Linda S. 
Chan, Reg. No. 42,400, Jacqueline M. Steady, Reg. No., 44,354 
and Harris A. Wolin, Reg. No. 39,432 to act and sign in my 
behalf in the above-referenced application. 



HELFGOTT & KARAS, P.C. 
60th FLOOR 

EMPIRE STATE BUILDING 
NEW YORK, NY 10118 
DOCKET NO.: FUJM17.406 
LHH: power 




Filed Via Express Mail 
Rec. No. :EL522391854US 



On: June 7, 2000 



By: Lydia Gonzalez 



Any fee due as a result of this paper, 
not covered by an enclosed check may be 
charged on Deposit Acct. No. 08-1634. 



